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FOREWORD

“This document describes in technical detail the Air Force Radiation Experi-
ment DB, carried cut as a part of the 631A Program on the NASA Gemini flights.
This experiment was concerned with gathering dose dat; and developing techniques
furthering the art of manned spacecraft radiation dosimetry systems. Informa-
tion from D8 should be of significant value in insuring menned mission safety and
success in the future. From this effort new and highly sophisticated space-
flight-wof£hy radiac systems have evolved. Their versatility in manned space
operations was demonstrated for the first time on Gemini IV. D8 was the initial
effort to place a complete dosimetry system cn-board a manned spacecraft. This
radiation experiment consisted of the latest available passive devices compli-
mentary to (and correlated with) active ionization chamﬁers giving instantaneous
dose data. The information gathered in this experiment has been used to per-
form vital empirical checks on existing compu:tational techniques and is presently
providing corrections for application to theoretical prediction capabilities for
radiation hazards associated with future msnned spaceflights.
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1. Captain John W. Donahue, whose timely guldance and advice as the Systems
Command Field Office Project Officer between the Air Force and NASA proved invaluable
in successfully integrating the experiment on the Gemini spacecraft.

2. Mr. Robert Seick of NASA, who gave untiringly of his time to keep things
running smoothly during the prelaunch checkout of the spacecraft.

3. Mr. kay Roten, who helped reduced the data from the active part of the

experiment.




U

e AR URSE S S

o

L. Mr. Benton C. Clark, who initiated the experimental program at the
A;i.r Force Weapons Laboratory, whose sound technical guidance made this experi-
ment posSible.

5. ‘To all .personnel at AFWL, especially Mr. Glernn C. Ainsworth, George
Radke, and Mr. Charles Coombs, whose team effort helped bring this experiment

to a successful completion.

This "technical report has been reviewed and is approved.

Mu M-c
Wilbur A. Ballentine
Colonel, USAF

Commander, Det 2 SSD AFSCFO

ii




L

B S TN SR M B e oo S ki S N

ABSTRACT ./

A prerequisite to the successful coumpletion of Manned Space Missions is the
gathering of adequate data concerning the radiation environmen: and its inter-
action properties with the matter comprising the spacecraft system. It has
beenn demonstrated that the most important parameters associated with the radia-
tion field are a measure of the time, depth, and accumulated abscrbed dose dis-
tributions in a tissue equivalent material. The Gemini 4 and 6 flights provided
the initial opportunity to perform these critical dose measurements under the
actual environmental conditions of space and within realistic spacecraft shield-
ing configurations. The important properties of the space radiation environment
which goverred the design and extent of the experiment are discussed in detail
in this report. The experiment was divided into two separate instrument systems
to accomplish the fundamental measurements. A specially designed active tissue
equivalent ionization chamber system incorporating portable sensors was utilized.
The active system measured all absorbed dose levels above 0.1 millirad/hour at
many astronaut body shielding and spacecraft cabin locations. The most sensi-
tive currently available passive dosimeters, e.g. thermoluminescent devices
were coupled with film emulsion packs and activation foils to record the
radiation within the Gemini spacecraft. Measurements of Primary Cosmic and
Inner Van Allen Belt Radiation provided excellent agreement between the response
of the active and passive dosimetry systems. The total dose received on the
Gemini L Mission was measured to be 82 millirad while for the Gemini 6 Missio:
only 20 millirad was recorded. The instantaneous dose rate reached a level of

107 millirad/hour during revolution 7 of the Gemini 4 Mission. The highest dose

rate recorded on the Gemini 6 Mission was 73 millirad/hour curing a pass through

the Inner Belt. The spacecraft shielding was found to have influenced dose levels

by more than a factor of two on both missions. Film emulsion data coupled with

iii




special shielding experiments conducted using the active dosimeters show that
the doses received on both the Gemini. L and 6 Missicns were predominately a result

of the eneréetic proton comporent of the Inner Van Allen Belt and point out the

dangers of manned operations deeper in the radiation belts.
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I. TINTRODUCTION:

I.A. Title of Experiment: DOD Experiment, D-8: Radiation in Spacecraft

I.B. Purpose of Experiment:

It was the purpose of this experiment to perform a series of precision
radiation measurements to obtain reliable empirical dosimetry data for use in
spaceflight planning studies where accurate prediction and interpretation of

biological radiation effects produced in man are vitally important. The gather-

ing of adequate .ata concerning the radiation environment, shielding interactions,
and dose rate levels encountered in space is a fundamental prerequisite to suc-

cessful space mission nlanning. It provides the only means of insuring astronaut t
protection against an often hostile radiation environment. }

I.C. General Description of Experiment:

The specific measurements performed in this effort comprise a quanti- !
tative and qualitative characterization of the spacecraft interior radiation
levels encountered in the Gemini missions. The expected radiation environment !
consisted largely of the energetic protons and electrons previously observed !
in the Inner Van Allen Belt. The spacecraft encountered this Belt each time |
it passed through the South Atlantic Anomaly: that part of the belt which dips ;
close to the earth due to an anomalously low strength of the earth's magnetic [
field. Ths low altitude of this trapped radiation region and the short duration
of the mission through it provided an excelleat opportunity to study radiation
interaction characteristics without exposing Gemini astronauts to the undesirably
high levels encountered deeper in the Inner Belt. For these reasons, tha instru-
ments designed for the experiment were optimized for response to the radiation levels

anticipated in this geamagnetic anomaly. The dynamic range of the instrumentation
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was extended in lower sensitivity limits to detect all energy deposition rates above
0.1 millirad/hour. This permitted measurement of the very low cosmic radiation in-
tensities that contribute in lesser degree to the total mission dose.

The experiment also determined the ionizing and penetraiing power of the
varjous primary and secondary radiation present in the Gemini capsule as well as
measuring the contribution to dose according to profile, particle type, time and
position or location within the spacecraft.

The experiment was accomplished through the use of two distinct types of
dosimetry systems. One system had active response to ionizing radiation, while the
other provided a passive response. The design, fabrication, testing, spacecraft inte-
gration, flight plan incorporation, and fin-l data analysis program associated with each
type of dosimeter system will be discussed in the following sections of the report.
II. BACKGROUND:

IT. A. Source of Experiment:

The problar of space radiation has posed a potential obstacle to space
missions for many years. Radiation likely to be encountered in space missions
is, moreover, quite complex when compared to sources available on earth; the
effects on biological systems exposed to it are also complex. The parameters
associated with the biological effects of ionizing radiation were, therefore,
the primary concern of this experiment.

The knowledge of radiation effects on biological targets has been observed
over the last half century, beginning with the introduction of the X-ray machine
as a research device with primates, mice, guinea pigs, rabbits, sheep, and other
animals. The effects of radiaticn in man were first observed in the early 1900's,
when persons working with X-rays and naturally radioactive radium became

exposed to their ionizing fields and developed a variety of symptoms common to
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radiation sickness. Early observations and resultant experiments provided several
avenues to describe the effects of ionizing radiation on matter. One is the
assessment of the total energy deposited by the radiation field in the irradiated
material. Another is the local microscopic or spatial distribution of ionizatimn
density of the radiation. The latter concept determines the quality or effective-
ness of the total energy deposited in producing a given effect. Comparison subse-
quently showed the total energy deposited, that is, the "dose", to be the most
important single measurable factor associated with the radiation field in deter-
mining fundamental biological effects.

For the purposes of this report space radiation may be divided into three
categories: Van Allen radiation, cosmic radiation, and solar flare radiation.

II.A.1 Van Allen Radiation:

The Van Allen particles, although a relatively recent discovery, have
been subject to intense study and measurement since 1958. The existence of the
Van Allen particles, however, was predicted by Stormer from studies of the trap-
ping mechsnisms associated with dipole fields as far back as 1955. Van Allen
radiation populates a large region near the earth and is divided into two
separate regions or belts. Figure 1 shows a cut-away view of the Belts and

their general composition.

stgrmer, in 1907, (Ref 1) formulated the problem of charged particle
motion in dipole fields to study the behaviof of cosmic radiation and auroral
phenomena. Stgrmer's theory was later utilized to predict the existence of trap-
ped particles in the earth's magnetic field.

According to Stgrmer, a particle will spiral about a magnetic iine of

force in a dipole field as shown in Figure 2.
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COORDINATE REPRESENTATION OF A TRAPPED CHARGED PARTICLE
IN A DIOPOLE FIELD

N

Figure 2
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The particle gyrates about the guiding line of force

2
P = T, 88 A
-with a cyclotron frequency
w=j.__-B
YM
-%
2
= \Y
where il = =
e 2
A A A
B =y X A
A
A =Q5Mp I‘-3
. .m 2 %
B—r3 (l+35j-nA)
M = downrard magnetic moment of Figure 2.

The particle moves along the line of force which imparts to it helical motion.
In addition, when the particle moves into a region of stronger magnetic field
at higher latitudes, it is reflected back toward the equator. The point at
which a charged particle is reflected back by the converging lines of force
is called a mirror point. The value of the magnetic field at this point is
shown to be B = B/sin2 o . The particles will drift slowly west if they are

positively charged, east if they are negative. They trace a shell around

P




the earth. The two “.mensional equations of motion for a system of trapped
particles is given by

Z +_16_(p D)z s(2)
P

B ek (o) (2-p) = 4(22)
p5

The equations of motion form a non-linear system of coupled, second order
diffefential equations, for which no simple solutions exist. One very useful
method of describing trapped particle motion of this type is given by the

guiding center approximation vectorially illustrated in Figure 3.

A % A c A A
b= Yo = c————(bxP)
By
P C=BeYc
rc=P C/Be
& A
~
r. =P C/R (E.’P‘,_P)

Using this approximation, the following expression for the average drift

velccity of the guiding center of the particle can be written:

A
L
d

ct

2 A A A
A P Cd BEW S
= +§x% [m%‘-vﬁ'*Zm b + // 9b +_;.. (ExB) + b
/" , p° 98 B ot] B
This expression may be written in another useful manner by a transformation.
In order to accomplish this transform, we note first that the magnitude of the
field due to a dipole of strength i:can be written:

B= wu -\/300829 +1

r 3
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Where r is the distance from the dipole and 6 is the polar angle or the angle
that the positiun vector of the particle mskes with the axis of the dipole.
If we choose the time ¢t = 0 to be the time that the psrticle is in the equatori-

al plane and define y so that the angle the particle momentum makes with the
magnetic field at t = 0 is _'_ - ¥, the equation is transformed into the
2

following quantity:

r3=r3 cos2 Y1+ 3cos?o
This equation expresses the altitude, r, at vhich reflection occurs in terms
of the polar angle at reflection 6 and altitude r, and pitch angle y vhen t!;e
particle is in the equatorial plane. This means that the rarticle injected at
a high altitude with a pitch angle which is not too large will remain at high
altitudes, oscillating along a fi>1d line with a relatively small amplitude.
Figure 4 illustrates the spiralling motion of a typicel case for . trapped |

charged particle, vhere Gl is the velocity component parallel to B.

b [ n ] = correction to B due to curvature of the field

lines.

o(EXB) . Hall current drift.
BZ

z (m % V B) = Drift current arising from the variation of

the Larmor radius during the cyclotron motiom.

P ~ P
Y c [2m-—/-/- ob_+ //;J.Dg]_
08 B 53t

p2
-J— inertial effects of P// motion

a term erising from the

which carries particles across

the field lines.
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It can be shown that for motion in a pure magnetic field the energy of a
particle is constant. This leads to the adiabatic invariant m vhich is

defined by

pZ
2mB

The point on a field line at vhich reflection occurs is given by

P R
2mB 2mB

t=0

The second or longitudinal invariant is defined by:

eV

The integration is tsken along the guiding center path between the rirror points.

This invariant restricts the drifi. of a charged particle to field lines on vwhich
I is a constant, and occurs only for slow perturbations. This slow variance
means that the time variations of the field must be small compared to the mirror
period, that is, the tim: it takes a particle to complete an oscillation from
one mirror point to the opposite one and back. Since a particle makes many
gyrations around a field line in each bounce period, the second adiabatic in-
variant is more easily disturbed than the first, in a time dependent field for
instance, and may lead to the particle's loss in the atmosphere.

The third adiabatic inariant is the total flux or the magnetic "B" field
inside the surface formed by the particle as it drifts in longitude. This
invariant guarintees that ths surface will be closed. The magnetic flux is
is invariant only wvhen the field is almost constant for the time it takes the
particles to drift in longitude around the earth, or its drift period. Thus, a
total of three adiabatic inveriants can be used to predict the behavior of

trapped particles in the earth's megnetic field. Since the trapped pariicles

n

-




are confined to a shell of magnetic field lines having a constant I and B, these
tvo parameters may be used instead of geographical coordinates for mapping the
fluxes of particles. By using I and B as the basic coordinates, the number of
necessary coordinates is reduced from three to two. McIlwain formulated the
concept of a parameter vhich retained the geomagnetic significance of I and
also vas approximately constant cn a given line of force. In a dipole field
such a parameter is called R,, the radial distance to the point where the field
line crosses the magnetic equator. It follows that trapped radiation in a
dipole field can be entirely specified in terms of R, and B, where R, specifies
a field line and B specifies a point on that field line. Since a dipole field
conctrains the particles to motion along field lines having the same R,, and
oscillations in a manner such that their pitch angles are the same at the same
value of B (as a result of the magnetic moment), the flux at a point in space
having magnetic coordinates (B, R,) is the same as the flux at every other
point having the same geomagnetic coordinates.

The real geomagnetic field is, unfortunately, not a dipole field. McIlwain,
however, devised the magnetic field parameter L which is analogous to the di-
pole parameter R . The real field is in practice approximated by a multi-term
expansion given by Jensen and Cain. This expansion was used by McIlwain to
calculate B and I and in turn L, vhich is generally found to vary by less than
one per cent along a field line. A reverse transformation leads to the following

relationship between the real and the B - L coordinates:

B= M h - r_ L cos2)
r3 L

The B - L coordinate system is based on the assumption of the conservation of
th.. adiabatic invariants, whic . is not valid during large geomagnetic or solar

storms or at high latitudes and altitudes where the magnetic field lines are
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distorted by the solar wind. However, the concept of B - L napping of the

Van Allen Belts is very useful and has msde it possible to relate widely
different experimentsl measurements of the spectra of charged particles in the
radiation belts.

The most reliable proton energy spectrum for the Inner Van Allen Beit
protons is given by Mellvain and Pizzella and tekes into account the softening
of the spectrum with increasing L. This spectrum is:

J (E) E = Ke — ':‘df-

proton °
vwhere

E, = (6% 28) |87 (522 02)pyy
Using this proton spectrum, a flux distribution similar to the one shown in
Figure 5 is obtained. Figure 6 shows the character of the Inne: Belt spectrum
of protons as measured for an L of 1.6 earth radii from Explorer IV wnd
Explorer XV data.

It has been found that a safe upper limit for the natural electron flux
can be represented through the altitude independent integral spectrum of the
form given t, Holly (Ref 5):

J (>E) 0.5
electron =K, E 30<E < 200 K&V

-k.0

(>E) =K_ E 0.2<E < 5 MEV

Jelectron 2
Using this spectral representation of the natursl electron field, cne
obtains an electron distribution in B - L space such as is shown in Figure 7.
In July, 1962, a nuclear device designated "Starfish" was detonated at
an altitude of nearly 400 km over Johnston Island on the L = 1,12 geomagnetic
field line. This device is estimated to have injected some 1025 electrons with
energies betwz2en 0.5 énd 10 Mev in trepped orbits in the geomsgnetic field.
The peak flux at L = 1.2 to 1.3 on the equato~ was given as over 109 per cm? sec

13
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OMNIDIRECTIONAL PROTON FLUX AT L= 1.6(40<E<110 MeV)
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with large fluxes as low as 100 km. Since the Starfish burst was so large,

the energy density in the particle cloud was greater than the energy density
in the magnetic field, disrupting the magnetic field and allowing the electrons
which would have been contained by the field to be distributed over a large
range of L values, particularly L values larger than 1.12. Electrons diffusing
to lower L values were quickly lost in the atmosphere. Later measurements
shoved that the peak fluxes had shifted to an L value of approximately 1.2.

II.A;Z Cosmic Radiation:

The most energetic source of spaceiradiation now known to exist is
found in the primary cosmic radiation fluxes that reach the solar system from
outside. Particles resulting from cosmic radiation have been measured with
energies extending up to 10'18 electron volts. These particles are found to
be isotropically distributed throughout the solar system. The origin of
cosmic radiation is galactic; hence, the name galactic cosmic radiation is of-
ten used synonymously with cosmic radiation. The tracks of cosmic radiation
have been observed since the discovery of the cloud chamber at the beginning
of this century. Extensive research into the nature and behavior of cosmic
radiation was carried out in balloons and other high-altitude devices prior to
the launching of probes and rockets in the late 1950's. Cosmic radiation has
long provided researchers in nuclear physics with a ready source of high energy
particles for experiments before the existence of high energy accelerators. The
composition of cosmic radiation is similar to that of matter that is thought to
make up the universe as a whole. It is piimarily composed of hydrogen nuclei or
protons which make up about 87 percent of the flux. Alpha particles or stripped

helium nuclei make up about 10 percent, and the remaining 3 percent is made up
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of heavier nuclei particularly nitrogen, carbon, and oxygen. HNuclei of iron
and calcium have also been observed in small traces in cosmic radiation. The
flux of cosmic radiation is extremely iow in comparison to the other two

contributors to space radiation, having a value of only about 2.5 particles

per cm? per sec in free space or at high altitudes over the poles. At lower
latitudés, cosmic radiation is subject to magnetic cutoff from the earth's
field{ and the value of the flux is greatly reduced. Cosmic radiation is
significant in that it possesses an extremely high penetrating ability as a
result of its ultra-high velocity and is difficult to shield against in

many operations. This extremely high energy also leads to a rather large and
complicated spectrum of secondary products which in some instances could be
dangerous, cespecially if a system is exposed to it over any great period of
time. Temporal variations in cosmic radiation have been observed during
periods of solar activity. The cycles show a decrease in the flux below the

2.5 particles per cm?

per sec observed during quiet periods. This decrease
is attributed to magnetic disturbances in the solar magnetic fields which de-
flect many of the cosmic particles. The energy spectrum of the galactic

protons is represented by the expression:

N (>E) = g;é 1.5 particles/cm® sec steradian
This expression is valid over the range 500 Mev to 20 Bev. E in the above
expression is in Bev. It has been shown that this equation also represents
the energy spectrum per nucleon for the other components of cosmic radiation.

I1.4.3 Solar Flare Radiation:

Solar flare pariicles are the remaining constituent of the space
radiation of present concern. Solar flare particles were initially detected

and identified from a combination of research into cosmic radiation and later
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can be represented by the expression N (> E) = KE-Pt-xwhere [* is between

3'5 ‘nd 5.00
Proton peak intensities for the larger events described by the
formula show an intensity of 1.5 x 105 protons/cm2 sec at 1.2 days. Over
9 .

a one-day psriod the total flux above 30 Mev was approximately 5 x 10° protons/

cm™. It has been observed that the yearly average production rate is on the order of

108

protons/cm2 above 100 Mev, or 1010 protons/cm2 per year above 30 Mev. This
corresponds to a dose of about 3,000 rads absorbed dose in unit density material
which shows that the solar flare dose could be dangerously high in a lightly
shielded operation. The alpha particle component of the relativistic flares
has been observed to constitute as rmuch as ten percent of the total flux in
some of the flares. The alpha particles have a much higher ion density than
protons, varying approximately as the square of the charge of the particle,
and such could add significantly to the effective biological hazard of a
given flare.

At this time no adequate warning system exists for detemining
the nature and extent of a flare. There exists a great need to equip space-
ships that will travel at greater distances from the earth with instantaneous
radiation monitoring equipment to provide directly the biolegically-significant
parameters generated vy such radiation, (i.e., a measurement of the total and
specific ionization of the emitted radiation). On-board dosimetry equipment
would not rely on theoretical predictions based on scanty input data of the
flare fluxes to provide instantaneous measurements of the determining mission
g0 or no-go ﬁarameters.

Table I illustratessome of the more important space experiments that
have been carried out in the field of radiation research since 1958. Space
radiation research was initiated with the flying of Geiger counters whose satu-

ration indicated the presence of the radiation belts and has evolved into a whole
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series oi experiments flown on satellites, whose specific missions are to perform
sophisticated directional and omnidirectional spectral measurements in conjunction
with simultaneously measurable depth dose patterns in phantoms. The first serles
of unmanned satellites set ocut to define the nature and extent of the radiation belts.
With the ejection of fission-formed electrons into the Van Allen regions, forming the
artificial belts, emphasis was also placed on determiniiig the dose levels. The later
satellites, were designed with the idea of complete coverage of the »adiation field
and its biological effects and, hence, were set up io measure both dose and spectra.
Since 1962, manned spaceflight has emerged as a prime instrument of space research.
Experiments like D8 usher in new and different techniques of assessing the radiation
problem. These techniques and results are only a beginning of more advanced and
refined methods of attacking the problem of space radiation as man reaches further out
in space.

Thus, in attempting to predict the biological effects of space radiation,
two main factors face the researcher:

1. The radiation environment itself is highly complex and oftentimes
poorly defined--even unpredictable in many instances.

2. The complex way in which radiation interacts with matter makes the
determination and measurement of dose very difficult when complex spectra of
radiation impinge on matter. It was in dealing with these problems that this

experiment was initially ccnceived.
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II. B. Scientific Need for Experiment:

Since 1962 there have been an increasing number of nmanned satellites
which have been programmed to carry 3dosimetric equipment into space. Scientific
interest in space radiaticn dosimetry was spurred by two factors:

1. Nuclear detonations by the Soviet Union and the United States led
to the creation of a nevw artificial rndiation environment known as the Starfish
Ra.dig.tion Belts. The Starfish radiation consisted of fission spectrum electrons
of very high flux density which were subject to magnetic trapping and led to
large charged particle populations in regions of possible manned space opera-
tions, such as the.South Atlentic enomaly. Since no accurate measurements of
the electron population or 1its rate of decay were readily available at the
time, it was necessary to measure the dose or energy deposition directly to
satisfy various spacecraft design and operational criteria which were being
formulated by the Air Force and NASA. The two agencies set out to solve the
problem of measuring this high electron environment in two differemt ways. NASA
instrumented their planned Mercury flights with passive dosimetry interior to
the spacecraft and Geiger counters external to the capsule. The Air Force on the
other hand pursued a program of unmanned satelliites flying shielded and un-
shielded tissue equivalent ionization chamber dosimeters. Neither method of
measurement proved successful in assessing the exact radiation hazard properties
of the space particle environment, and by late 1963 it was realized that there
existed a need to fly a specially designed tissue responding active dosimetry
system in conjunction with an elaborate passive dosimetry network within the
cabin of a manned space vehicle in order to examine closely the behavior of
charged particles with space systenms.

2. Due to intense interest in the possible hazards associated with the

trapped radiation environment and the solar flare eruptions, theoretical
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rediation transport codes known as shielding codes were developed by various
groups concerned with space flight. These codee utilized mathematical models
of the radiation interaction properties of matter combined with various simple
geometries such as spheres and cylinders to predict the expected dose levels
within the interior of various spacecraft. The initial codes used homogeneous
materials such as vater, tungsten, and alurinum to obtain the dose at the center
point of the spacecraft. Existing flux maps of the radiation envirorment were
utilized as the input data for each code¢. Later codes were improved and the
order of sophistication of the prediction capability was incressed by "second
generation methods,” which allowed the dose to be calculeted in existing space-
craft geometries at many locations within the vehicle. With the development of
more refined prediction methods which account for specific geometries of the
spacecraft and provided versatility in the dose predictions, empirical dose data
vere necessary for known radiation environments to perform corrections in the
codes. This type of data was not available in any usable form. Furthermore,
the dose measurements that would be required for a complete experimental verifica-
tion of the codes would of necessity have to be carried out at various depths in
an astronaut simulating phantom placed in the actual spacecraft and exposed to a
well knowvn environment. This is required because the radiation sensitive organs
of the body are generally all located at some depth, protected by the body self-
shielding, and the skin dose would not suffice in determining any hazards that
might arise from the radiation fields. In charged particle environments such

as are found in space, the depth dose profiles are most often very steep and can
vary by several orders of magnitude across the dimensions of the astrcnaut.
These factors pointed out a critical need for shielding experiments with active
dosimeters which had never been performed before this. Lack of definition in the

flux maps thet vere being used as input data for the codes was recognized as a
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further major obstacle to placing confidence in the prediction capability of the
codes. In order to update theoretical work in the field of spuce radiation
effects and protection, there existed the need for an experimental program which
vould accomplish the following: (1) the measurement of the true tissue dose from
a mixed radiation field; (2) the determination of the dose at a number of varying
depths in a tissue type phantom, and at various locations within the exact space-
craft shielding configuration; (3) simultaneous spectral measurements made in
conjunction with the dose measurements to insure the correctness of the input
data to the transport codes. If these three criteria could bLe satisfied, then

a verification of the existing computer codes would be possible; and the confi-
dence level of such codes to predict the hazards in other environments could be
increased greatly. With these three factors to consider, the Air Force Weapons
Laborsatory embarked on a program of instrumentation that would permit the
fulfiliment of these scientific needs.

The Gemini program called for an orbital pattern which would carry
the spacecraft through the South Atlantic or Brazilian anbmaly of the inner Van
Allen radiation belt. In this region the spacecraft would pess for a few minutes
through a charged particle radiation environment vhose intensity weas quite
measurable in terms of dose and spectra and yet would not pose any hazard to the
experimenting astronauts. lASA had programmed the use of spectrometers capable
of measuring the external environment for selected Gemini flights. In order to
obtain a complement of dose and spectral measurements vhich would permit simul-
taneous comparison, however, it wes deemed advantageous to fly the dosimetry
experimental system on flights also equipped by versatile charged particle
spectrometers exterior to the spacecraft.

Besides obtaining empirical data on the aose profiles, there vas

also a widespread need to test existing passive dosimetry equipment. such as
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thermoluminescert phospers, photoluminescent glass, activation foils, dis-
charge chambers, and newly developed heavy particle detectors which would, when
exposed to a complex field of space radiation, determine their suitability for
mixed field dosimetry. Environments of the type found in the Gemini operating
situations could not be successfully or practically duplicated on earth. Although
it'is true that a limited part of the radiation environmsnt conld be simulated,
the large number of accelerator facilities required for such a project
could bé obtained neither at reascnable cost nor in sufficiently short time.
It was proposed that dosimetric chemicals and phospers be simultancsously
exposed and then be recoverec¢ as a parusite experiment on a manned flight such
as the Gemini. Their response to space radiation thus could be de*ermined eco-
nomically and easily.

1I.C. Military Need for Experiment.

1. Military manned spacecraft will not be, in general, constrained to oper-
ations in radiation environments that are void of hostile components. In the
light of this fact, it becomes extremely important to equip such spacecraft with
elaborate dosimetry systems capable of warning the ship's crew of possible dangerous
radiation enviromment. Such a militarysystem of necessity must be dessigned
to cover all possible ranges of radiation that might be encountered. This dictates
that the dosimetry system be capable of detecting all types of known particles and
energy that might constitute such an environment in space. Particle detection
would have to cover all natural radiation environments as well as any created
from nuclear weapon discharge. Furthermore, any military dosimetry system must
be extremely rugged, long lasting, portable, and unsusceptible to the ambient
conditions of free space pressure and temperature. Prior to design of this experi ment
dosimetry systems were not available to the militury which would meet all of the

criteria described above. This required the design and testing of an entirely new
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system of hardware compatible with military space needs. The only way to completely
insure the feasibility of new instrument systems would be to flight test the hardware
under actual space flight conditions. The Gemini program was ideal. in this respect,
for it would allow the testing of military space hardware in flight and provide the
Air Force with tried, tested flight items -in being- for future military manned
systems.

" 2. There was a military need to test the new proposed Manned Space Dosi-
metry System more than environmentally. Any system used for space flight should
be tested from the point of view of human engineering. This can only be accomplished
through active astrongut participation in instrument design evaluation where the instru-
ment is mated in realistic spacecraft packaging configurations with other spacecraft
systems. Since no military spacecraft program was available at the time design was
initiated in 1963, the only way thst this military need could be satisfied was to
participate in an extensive manned space program of the type available on the Gemini
spacecraft series..

3, Another extremely important requirement in any military spacecraft
program is the existence of technical personnel trained in the methods of equipment
design, testing, integration, and data analysis, who are familiar with the manage-
ment and operation of a mission oriented space program. There was at the time of
the conception of this experiment a total lack of familiarity by Air Force laboratory
personnel of Manned Space Systems Program Management. The 631A Gemini Program provided
the opportunity for AFWL personnel to become familiar with the mechanics of operating
as part of a large manned space program from its beginning to completion. This
experience will be directly applicable to future military needs.
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III. THEORY;

III.A. Active Dosimetry—Tissue Equivalent Sensor Head and Cavity Design:

1. Bregg-Gray Theory: The Bragg-Gray relationship derived in
Appendix A provides a most convenient method of directly measuring radiation dose
in reads sabsorbed in & given material. Ionization of a gas in a cavity contained
in & medium may be related to absorbed doae in the medium by the following
relation:

E =8 WJ
m m gas

vhere E_ = Energy absorption in ev/gm-sec

8 = Mass stopping pover of the wall material relative to
the cavity gas

W = Energy required to form an ion pair

= Jon current in ion pairs/gm-sec

The basic criteria necessary in a system for which the Bragg-Gray relation is
to hold are as follows:

a. The cavity dimensions must be chosen so that only a small
fraction of the particle energy is dissipated in it. This means alsc that only
a very small portion of the ionizing particles will enter the cavity with a range
shorter than the cavity dimensicons.

b. Ionization due to direct absorption of quantum radiation by the
gas in the cavity must be negligible.

c¢. The cavity must be surrounded by an "equilibrium thickness" of
the solid medium so that all particles transversing the cavity can be said to
originate in the medium.

d. The energy dissipation by the ionizing particles must be reason-

ably uniform throughout the medium which surrounds the cavity. A radiation source
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must be far enough from the cavity to make beam divergence over the cavity
dimensions negligible.

If the gas and the surrounding medium are of identical atomic
composition, the cavity may be large without disturbing the fiux of secondary
particles. It has been shown that: In a medium of given composition
exposed to a uniform flux of primary radiation, the flux of secondary radiation
is also uniform and independent of the density of the medium, as well as of
density variations from point to point. ‘'he cavity ionization principle,
therefore, permits a determination of energy absorption in a solid medium from
the measured ionization in a small gas-filled cavity. This principle is the
basis for most present-day energy deposition dosimetry, and provides the basis for
the development of the advanced dosimetry systems discussed in this paper, and
utilized to perform the active measurements accomplished on the Gemini spacecraft.

A series of calculations comparing the tissue equivalency of various
materials for a vide variety of charged particles and quanta to the standard
muscle compound have been carried out by Janni at AFWL. The following standard
muscle composition as defined by the International Committee on Radiological Units

vas employed:

Atomic Atoms/ Percent Atomic
Element number Molecule by wveight wveight

H 1 10.11905 10.20 1.01
c 6 1.02k15 12.30 12.01
X 7 0.24986 3.50 1k.01
0 8 4.55625 72.90 16.00
Na 1 0.00348 0.08 23.00
Mg 12 0.00082 0.02 24.33
P 15 0.00646 0.20 30.98
3 16 0.01559 0.50 32.07
K 19 0.00767 0.30 39.11
Ca 20 0.00017 0.01 40.09
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Calculations for 0.5 to 1000 Mev protons in Bhonka plastic were found to deviate
from those for ICRU muscle by not mors than 5.16%, and for electrons by not more
than 3.65%. Shonka plastic aiso provided a true tissue response for gamma and

Y-ray radiation within 12§ for energies between 0.0l and 100 Mev. The composi-

tion of Shonka plastic follows:

Element Percent by weight
x
c 1.024
| H 10.2
: 0 k.556
N 0.25
| Ka 0.0035
| Mg 0.0008
2 0.0065
Si 0.0756
K 0.0C77
Ca 0.00017

Shonka plastic was chosen for the sensor material of the active instruments due i
to its desirable atomic matching to tissue which was required to provide the
radiation response dictated by Bragg-Gray criteria. The use of Shonka plastic
as a sensor wall material provides a radical improvement in measurement of the '
tissue docc which could never be realized by the use of metals such as a'uminum

or stainless steel which are often used to measure the energy deposition and

e e

provide at best, extrapolations to the true tissue dose. For example, aluminum

ey

which is commonly used in dosimeter chamber walls, will provide an under-response
to true tissue energy sbsorption that varies from 68.2% at 0.50 Mev

to 113.4% at 100 Mev for protons. Stainless steel is even worse, for it

RS T A T T

departs in tissue equivalency from the standerd muscle composition by 334.4% for
0.50 Mev protons and 451.8% for 100 Mev protons. It might appear that correc- ?
tions could be made in the readings obtained by the non-tissue dosimeter for arv :

under or over responses to radiation that ere present at the point of dose

measurement. Correction could be readily eccomplished for monoenergetic beams

of ionizing charged particles; however, for mixed fields of protons, heavy
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particles, electrons, and gamma radiation that are commonly encountered in space-
flight, the task would indeed be formidable if not impossible to accomplish with
the desired accuracy vhich is required in empirical dsta gathering processes.

A fundamental requirement to perform any corrections would be that the spectrum
of particles causing the dose be accurately known at the point of dose measure-
ment. This would require extremely sophisticated and cumbersome spectrometry
hardvare to be utilized at that same dose point each time an energy deposition
measurement is performed. This would be an extremely costly and inconvenient
process. In order to avold having to. apply significasut correction factors, it
vas decided to perform direct tissue dose measurements by use of the material
previously described which then allows for en usperturbed tissue response to be
realized at all points of interest.

ITII.A2. Filling Gas:

In order to provide an ionization chamber cavity capable of measur-
ing rad doses in a tissue equivalent medium, the chamber wall and gas should be
matched atomically to this medium. A suitable nonexplosive tissue equival...t
gas conpiising methane, carbon dioxide and nitrogen, in the following proportions,

was initially employed inside the chamber:

C 45.6% (by weight)
0, ko.8%
i, 10.1%

Observations of the gamma and neutron sensitivity of a TEIC using this filling
gas have indicated a stability within the measuring accuracy of :2% over a period
of mwore than six montha, thus demoustrating that no measurable change in the
filling gas occurs through diffusion Or absorption losses in the cavity wall for
this period of time.

Since the relative mass stopping power cf the wa.l to the gas is

unity, the Bragg-Gray relation reduces to: E = wm Jgas
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A summary of recently measured values of W for the gases of
interest are prcsented in Table II. The errors quoted are not those of individual
contributors, but are chosen so that the confidence limits include all the best
values used to establish a mean for a particular gas. A value of 34.0 electron
volts/ion iir was chosen as the mean value for ionization to energy conversicn.
This i discussed in Appendix D.

A restriction based on NASA Gemini qualification requirements was
placed on the use of tissue gas in the flight dosimeters and it was necessary to
£ill the sensing elements with dry air. The air replacement of the tissue gas
resulted i a negligible change in sensor response to cobalt-60 and cesium-137
gamma radiation which was used in calibrating the instrument. . Because air and
tissue gas are closely matched interaction-wise to the radiation measured, negligible
error was introduced in the final measurements by substituting air for the tissue

gas.
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ITII.B Passive Dosimeter Theory of Operation:

The Passive Dosimeters in each Passive Dosimetry Unit can be best described
in terms of the solid state phenomena which govern the operation of each separate
dosimeter. These are:

1. Photoluminescencn

2. Thermoluminescence

3. Formation of developable grains by charged particle energy deposi-
tion in nuclear emalsions.

4. Nuclear activation

These four general changes in the physical properties of selected materials
will be discussed in terms of their theory of operation. The pertinent informa-
tion concerning response to various types of radiation will be given in graphical
form.

III1.B.1 Photoluminescent Glasses:

Glass of both the silver activated phosphate and cobalt activated
borosilicate types may be used as radiation dosimeters by opticaily measuring the
transmission of light through these glasses after exposure to radiation. Although
the optical density method provides good accuracy with excellent reproducibility it was
not used because such a system works only with radiation doses far higher than were
anticipated on either the Gemini-L or Gemini-6 mission.

Two very practical dosimetry systems using the photoluminescent properties
of silver activated phosphale glass have been developed. The two systems actually
used on Gemini 4 and 6 were the small "glass needle system" produced by Bausch
and Lomb, and the "Toshiba" glass system. The principle of both types rests on the
formation of permanent centers within the glass following exposure to radiation.
Although several centers are formed, the one used in photoluminescent dosimetry
abscrbs ultraviolet light and then continuously re-radiates orange light when
exposed to ultraviolet light. A photomultiplier tube with an associated amplifi-

cation system is used to record the intensity of the orange light upon exposure to

3L




a constant intensity ultraviolet light used to excite the orange luminescence.
The accuracy of such systems is usually near 5% for total dosages above 1
rad, but this accuracy decreases rapidly at lower doses. The glass needle system
is unusable below 1 rad and the accuracy of the "Toshiba" system is about 20% at
30 millirads. |
The glass needles are lmm in diameter and 6mm in length, and thus provide
a very small and lightweight dosimetry system where expectedodoses are above the
gensitivity tnreshold of 1 rad. The "Toshiba" system consists of small rectangu-
iar blocks of glass approximately 6 by 6 by 3 millimeters on a side, and is also rea-
sonably lightweight.
In addition to being lightweight, needle and Toshiba systems have the ad-
vantage that their response is much more stable as a function of time after exposure
than would be given using the optical density method. The photoluminescent dosimeter must
not be read out immediately after exposure, because a rise of about 15% in the photo-
luminescent property of the glass occurs a few hours after irradiation, and then
stabilizes. The total dose fading of the glass after this initial increase is on
the order of 1% per week and was negligible in the Gemini measurements because of
the rapid recovery and evaluation of the passive dosimetry packages.
Unfortunately, the photoluminescent light emission per rad for various
types and energies of radiation is not constant. Some experimental information {
has been taken by Tochilin (Ref. 6) ar ! is available for primary protons (Figure 8.)
The response per rad of the unshielded glass exhibits an increase per roentgen of

exposure as the energy of incident gamma or X radiation is lowered.
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This effect is of little importance in the Gemini measurements because tha active

dose was the result of charged particles. However, various types of shielding
have been developed to compensate for this behavior, and this shielding was

employed on half of the dosimeters used.

The photoluminescent properties of the glass have been shown to be dose

rate independent. This has been established experimentally for dose rates up
to 105 rads per second.

Photoluminescent glasses are usually insensitive to neutrons because they
detec* only the secondary products from the‘primary neutron bombardment. Two
significant modes of interaction are the nuclear activation of the elements within
the glass, primarily the silver, and the elastic recoils of structure atoms. Such
recoils are generally low in occurrence unless hydrogen is present, which is not
the case for glass. No problem existed on Gemini where no significant neu-
tron population was expected, and where neutrun detectors in the form of activa-
tion foils and the Lig isotope were sperifically included withir each passive
dosimetry package.

III.B.2 Therméluminescent Devices:

Two types of dosimeters acting upon the principle of thermoluminescence
were employed in D8: LiF and both shielded and unshielded CaF,. When a thermo- i
luminescent material is irradiated, electrons are released within the crystalline
solid which become trapped at lattice imperfections throughout the solid. This
trapping is relatively stable at normal ambient temperature, on the order of 70 {
degrees F, but addition of large amounts of thermal energy cause the electrons which
were brapped within the imperfections of the solid to be thermally agitated to a
sufficient legree to allow them to combine with charge carriers of the opposite sign.
Visible light is emitted in this process which is measurad by a photomultiplier

tube and can be correlated with the amount of absorbed energy that has been deposited
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within the material by radiation. After this reading out process, a thorough
reheating or annealing removes the majority of the charge carriers trapped in
the lattice imperfections this allowing the powder to be reused.

Two types of thermoluminescent materials have been investigated and are
presently being widely used as dosimetry systems.

The first system employs manganese activated calcium fluoride, CaF2,
which is uniformly coated on a heating element which is sealed within a vacuum
cqntainer. The coating of the powder on an ohmic heater allows a known quantity
of heat to be uniformly applied to this powder, and also makes for a very high
degree of reproducibility in the system. The powder must be neated in a vacuum
or a pure inert gas atmosphere to eliminate spurious luminescence peaks which
would occur otherwise. The vacuum technique also eliminates errors due to
inaccurate weighing, chemical change, or handling. The emitted light is blue-
green and is again measured using a photo-multiplier tube and associated ele-
ctréonics to determine the intensity of the light emission. This system is
quite sensitive and can record total doses as low as 3 millirad with accuracies
near 10 percent. It should be noted that the accuracy of this system improves
rapidly as the dose increases and is about 5% at 50 millirads. This system
is also independent of dose-rate up tc rates as high as 10S rads per hour.

The response cf unshielded and shielded CaFp dosimeters to protons is shown
in Figure 9. The electron response is shown in Figures 10 ard 11, and the
gamma response is illustrated in Figure 12.

The storage of energy in calcium fluoride is not entirely stable with time
at normal room temperatures. Fading of a few percent in the first 16 hours after
exposure and of 1% per day for several days thereafter occurs. This effect can
be removed by the use of proper celibration techniques and careful control of the

readout times. The energy dependence response of the calcium fluoride is roughly
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the same as that for the silver activated phcsphate glass and can be tlattened by
appropriate shielding. Such shielding was used on several of the CaFp dosimeters
where '*e weight and space limitations permitted. Resporise to thermal neutrons is
also about the same as that of the glass. Fast neutron response has not yet been
determined. f
The other compound commonly employed for use as a radiation dosimeter [
and used 6n Gemini is lithium fluoride, LiF. It is not as sensitive as the cal-
cium fluoride system, being able to record doses only down to 10 millirads with
accuracies of 50% at this minimum level. At very low doses, an inert gas blanket
must be used arcund the LiF powder to reduce tribothermoluminescent effects which
mask the low doses. The accuracy of this'system improves with increasing dosage,
being approximately 20% near 50 millirads.
Lithium fluoride has a good energy response because it cuntains only low
atomic number elements, and thus it is a relatively good dosimeter from tlLe point
of view of tissue equivale:icy. The response per rad of the LiF powder is illus-
trated in Figure 13. The response of the LiF dosimeter itself versus kinetic
energy is shown in Figure 1. The rate of dose fading after exposure is very
small, and is less than 5% per year at room temperatures. The following relation
adequately expresses the time required for loss of half of the dose as a function '
of the temperature:
F=8.8x10 g1 1)
About 6% of the LiF powder contains the lithium isotope Lig and will
respond to ionizing radiation as well as to thermal neutrons. Since the other
isotope of lithium, Lig, was used in half of the dosimeters, and has practically
zero neutron cross-section, the difference between the readings obtained on these

two isotopes can be used to determine the neutron radiation component within the
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spacecraft cabin. The feasibility of this approach m.tested following exposure
i. the fission spectrum of the Godiva pulsed neutron reactor located at Albuquer-
que, New Mexico, and was found to be a prectical neutron dosimetry sy.tem.

, | III.B,B. Nuclear Bmulsion:

Nuclear emulsions of the Ilford G-9, K-2, and Kodak

NTA types were selected for use aboard GT-}4 and /GT-6. This combination allows

detection of electrons,protons, and alpha particles from very high linear energy
transfer at low energies up to the relativistic minimum jonization point and
| ' I beyond. This is accomplished by visually examining the individual particle tracks

in the developed emlsion. The blob count and grain density are then used to
establish the atomic number of the charged particle, while the straggling and
scattering differentiate electrons from the heavier protons and alphf:s.

The energy loss of protons in emuldion parallels that of tissue,

e - . s b e

as is illustrated in Figure 15.

ITI.B.Li Activation Foils:

A complete set of activation foils was also included in each
passive dosimetry package aboard Gemini-li for the purpose of determining
the presence, or the absence of neutrons. These folls were chosen for de-
tection of neutrons over a wide range of energies, including thermal energies.
They were: zirconium, sulfur, tartalum, gold, cobalt, and aluminum. None
of these foils indicated the presence of neutrons during the GT-4 mission.
The energy range, dominant reaction, and half life of each foil are out-

lined in the following table:

Foil & Reaction Energy Range Half Life
0059(N, ¥) 0060 Thermal 5.26 years
e & Cd covered Au197 (N, §) Thermal 2.7 days
532(N, p) p3° Ovor 3.0 Mev 1.3 oys
n? (N,0¢) Na2lt Over 8 Mev 14.67 hours
2r° (N, 2N) x> over 3.13 days

L6
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60

Co  and Au198

are both thermal neutron detectors. Detectability of these
foils was on the order ¢f 5 x 105 neutrons per square centimeter. Sulfur is a
fast neutron detector with a threshold of 3 MeV, Burning of the sulfur prior to
evaluation allows an order of magnitude increase in the net counting efficiency
because the self-shielding of the detector has been greatly reduced. Aluminum

is another high energy neutron foil which has a detectability of 109 neutrons per
square centimeter. Zirconium is a very high energy neutron threshold foil having
a large effective cross section and a reaction threshold of 1L MeV.

All of the foils were counted for long durations using low background

techniques. Man; of the foils were evaluated using both beta and gamma counters.

All of the above dosimeters are illustrated in Figure 16 ,

L8
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IV. BQUIPMENT:

IV.A. Equipment Description and Design:

IV.A.l. Normenclature and Function:

Tavie III presents the complete breakdown of all hardware employed
in experiment D-8 for Gemini spacecraft L and 6. Active units bearing the same
Air Porce part number are identical mechanically and electrically. Passive
units are mechanically identical, but require no spacecraft telemetry or power.
The first two items in the table are the active dosimeter checkout system and as
such are AGE equipment and not flight or flight test equipment. A breakdown
of the design and specifications of the AGE equipment and each of the active and

passive units will be presented in detail later in this section.
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TABLE III

Experiment D-8 iHardware Description and Serial Number List

Gemini Flights 4 and 6

Parts and Serial Number List
Active Dosimetry Units

ITEM PART NO. SERIAL NO.
Test Fixture (For use at MAC) AF 67,960 3N-1
Test Fixture (C;pe Kennedy) AF 67,970 SN-1
Cricket I (Sled Test Prctotype) AF 67,951 SN-1
Cricket V (Sled Test Prototype) AF 67,955 SN-1
Cricket I (CTU) AF 67,961 SN-1
Cricket V (CTU) AF 67,965 SN-2
Cricket I (For Gemini Mock-up) AF 67,971 SN-1
Cricket I (For trainer) AF 07,971 8N-2
Cricket I (GT-4, SST unit) AF 67,971 SN-4
Cricket I (GT 6, SST Unit) AF 67,971 SN-3
Cricket I (GT-4, Flight unit} AF 67,971 SN-5
Cricket I (GT-6, Flight unit) AF 67,971-1 SN-5
Cricket I (Flight unit Back-up) AF 67,971-1 SN=T
Cricket V (For Gemini Mock-up) AF 67,975 SN-1
Cricket V (For Trainer) AF 67,975 SN-2
Cricket V (GT-l, SST unit) AF 67,975 SN=b
Cricket V (Gr-6, SST unit) AF 67,975 SN-3
Cricket V (GT-4, Flight unit) AF 67,975 SN-5
Cricket V (GT-6, Flight unit) AF 67,975 SN-6
Cricket V (Flight Unit Back-up) AF 67,975 SN-T
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GT-k SST Unit

GT-k SST Unit

GT-4 SST Unit

GT-Y4 SST Unit

CT-k Flight Unit

CT-4 Flight Unit
GI-4 Flight Unit
GT-4 Flight Unit

GT-4 Flight Unit

GT-6 SST Unit

i GT-6 SST Unit
l GT-6 SST Unit
i GT-6 SST Unit
q

i GP-6 SST Unit

! GT-6 Flight Unit
GT-6 Flight Unit
GT-6 Flight Unit

GT-6 Flight Unit

GT-6 Flight Unit

Passive Dosimetry Units

PART NO.

AF 67,983
AF 67,983
AF 67,983
AF 67,983

AF 67,983

AF 67, 83
AF 67,983-1
AF 67,983
AF 67,983
AF 67,983

AF 67,983
AF 67,983
AF 67,983
AF 67,983
AF 67,983

AF 67,983
AF 67,983-1
AF 67 983
AF6T,983

AF 67,983

52

SERIAL NO.

SN-101
5N-102
SN-103
SN-104

SN-105

SN-111
oN-112
SN-113
SN-114

SW-115

SN-106
SN-107
5N~108
SN-109

5N-110

8N-116
SN-117
SN-118
SN-119

SN-120

e oo
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iV.A.2. Physical Description:

a. Active Dosimeter: The active dosimetry system may be thought of

as being divided into two subassemblies: the sensor and the electronic parts. .
The sensor subassembly includes the tissue equivalent gas cavity surrounded by a
conducting spherical tissue equivalent plastic wall, an internal radiation source,
and a tetrode electrometer vacuum-tube preamplifier operated as a floating grid
logarithmic triode (previously described in section III).
Sensing Element: The mechanical design of the sensing element

(cavity shape, size, etc.) was dictated by the need for optimal collection with
minimua capacity. These factors were, in turn, influenced by sensitivity, speed
of response, and power limitations on the system. In Figures 17 through 24 are
presentedthe engineering drawings of the design of all the active chamber types.
Cavity volume was established by determining the ionization current produced at
the lowest measurablc range and application of these current values to the lowest
compatible with the logarithmic response of the 5889 electrometer tube.

A 1.59 millimeter thick sphere, the cavity wall, envelopes the
s=nsitive volume. Shonka Type a-150 conductive tissue ecuivalent plastic has
been chosen for the fabrication of this cavity wa!l because of the following of
its characteristics: 1) Its radiation absorption is quite exactly matched to
that of tissue and it reproduces tissue absorpt.on coefficients as recommended by
the International Commission on Radiological Units; 2) It has a volume resistivity
of only 10h chm-cm; 3) It is machinable; L) It has a chemically inert polyethylens
base. The sizes of the sensitive volumes have been chosen to satisfy operational |
trade-orf betwsen low radiation level sensitivity and system response time.
Table IV is a tabulation of volumes for each sensor, the ion current at lowest
measired radiation level, and the experimentally determined saturation voltage at i

maximam measured radiation rate.
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TABLE IV

' : - Minimum Minimum Experimental
Chamber Radiation Ion Saturation
Type - Volume level Current Voltage

-4 -14
Type 1 221 cc 5x10  rad/hr 1x10 amp 120v € 1 rad/m
Type V 25 cc 1x10™2 rad/hr 2.3x10°* amp  280v @ 10" rad/m

]

An extrapolation experiment was performed to test the equivalency between
the mass absorption of the cavity walls and that of the filling gas. The cavity
gas pressure in the Type I sensor was reduced by fixed increments and extrapolated
to zero pressure. It was thereby shown that ionization per unit mass of gas is a
constant fegardless of gas pressure. X rays of HVL-2.0 mm of Aluminum were used
in the experiments, the results of which are displayed in figure 25.

Collecting Electrode: A conducting tissue equivalent plastic is

used as a collecting electrode to transfer the current induced by ionizing radia-
tion from the ion cévity to the electrometer of the sensor. The electrode base is
housed in a cylindrical polystyrene insulator and electrically connected to the
grid lead of a CK 5889 electrometer tube.

Insulating Material: The temperature properties of various

insulating materials were investigated in order to ascertain which one would be
best for use in space temperature .environment. Table V displays the results thus

obtained for the material examined.
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TABLE V

Yolume Resistivities of Insulators

25°%¢ 60°¢ 100°¢
19 13
Ceresin Wax >10"™° ohm-cm 3x10 liquid
Polysiyrene 1018 - 1019 1018 phase changs
Teflon 2 x 1038 1018 5 x 107
Synthetic Mica 1017 5 x 1016 1016
(Supramica 600)

Tri-hond 3104 Epoxy 3.1 x 1080 1 x 1010 6 x 10%°

At temperatures below 60°C, the upper limit for design accuracy. polystyrene
insulates best and has hence been chosen for the electrode insulator, Tri-bond
epoxy is employed in encapsulation at the electrometer tube.

Guard Electrode: As shown in Figure 26, the outer surface of the

insulator is made into a conductive guard electrode by coating it with cclloidal
graphite, It is connected to tha electrometer cathode so that there exists a
naximum tw6 volés botential between the collecting and guard electrodes, thus mini-
mizing leakage currents through the insulation. The insertion procedure fcr the
tube and guard assembly into the rubber mold for fabricating the barrel of %the sen-
sor is shown in figure 27. Figure. 28 shows the resistor and pin assembly at the
barrel entrance after molding.

Electrameter Tubes: The filament of the eiecctrometer tubes

should be operated at the lowest voltage commensurate with adequate electrameter
emission, because it reduces the production of photo-electrons from other elements
of the tube, and because it lengthens the life of the tube and reduces system

operating p(wer. Operation of the electrumeters at low rlate voltage also tends to




% e

CONDUCTIVE EPOXY
(MAKE CONTACT

WiTH GUARD RING
ON TuBZ) -

2.200

— CONDUCTIVE
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Figure 26 Electrometer Tube Mounting Epoxy
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Figure 28  Connector Installation
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reduce internal ionization by photons and charged particles of residual gas in
the tube, and to lower the shot noise component of the plate current.

Tubes operated a% low plate and filament voltage, however, become increas-
ingly filament temperature dependent as the energy acquired by traversing elec-
trons approaches the values of initial emission energies: approximately 3 ev
If the tube can be made to operate independently of temperature, the fcllowing
conditions are cbtained: As filament temperature increases, the greater emission
tends to increase plate current. A stronger negative grid voltage also results,
however, in order to maintain equilibrium betweer electron current and ion current
at the grid. The change in grid voltage thus affects the tendency towerd increased
tube transconductance and results in a stable plate-versus-grid current character-
istic over a wide range of input currents.

The logarithmic triode mode of operation was used to eliminate temperature
dependence of the preamplifier. This mode of operation involves the 'floating
grid" of " a CK 5889 triode at voltages which allow some of the electrons committed
to arrive at the grid. When the ion chamber and "floating grid" attain equilibrium,
the flow of positive ions from the cavity neutralizes the flow of filament electrons

arriving at the grid, and the foliowing relation holds:

ip = sloglO 1g + g

Additional benefits which accrue to the operation of a floating grid log
triode are: 1) Obviation of a high value grid resistor, decreasing grid parasitic
capacitance and attendent response time as well as lowering the practical limit in
ion current sensitivity and making for a simpler chamber/electrometer interface,
fever electrical connections and smaller physical size; 2) Increase in inherent
response speed by virtue of logarithmic input impedance; 3) Minimizing of aging
and temperature effects upon the electrometer; and 4) A wide range (approximately

T decades) logarithmic response.
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The optimum filament voltage for iemperature-independent electrometer
response has been experimentally found to be close to 1.00 vclt, 20 percent
lower than nominal for the CK 5889; and this results in approximately 30 percent
lower tube power drain over standard operation and an estimated 200 percent
increase in tube lifetime. A method of determining the optimum operating point
for the electrometer tubes utilized in the design of the chambers is presented in
appendix (B).

Electronic Subassembly: The electronic subassembly, although

physically separate from the sensor subassembly, is jointed to it by a four-lead
wire cable. It includes a coarse magnetic amplifier, a fine magnetic amplifier,
a switching type regulator, a voltage comparator for voltage regulation, an elec-
tronic conversion unit for supplyirng all required operational voltages, a cali-
bration circuit for periodically pulsing the ionization chamber high voltage, and
a decade switcher for supplying a variable bias current to the fine magnetic
amplifier, The complete system is illustrated in block form in figure 29,

An advanced concept using magnetic amplifiers was developed by Amey to
meet the stringent restrictions placed on unit weight, size, and power consumpe
tion; while maintaining high output stability and reliability.

The coarse amplifier, schematically illustrated by Figure 30 has two tasks
to perform: (1) bias the quiescent electrometer tube plate current such that
zero ambient radiation provides a near zero output voltage and (2) transpose the
radiation created increase in electraometer tube plate current at minus collecting
voltage potential to a voltage output of O to 5 volts full scale at ground poten-
tial.

The voltage operating level transposition is accomplished by use of a full
wave, self-saturable magnetic amplifier connected in a push-pull configuration;
and since there is no current path between input control windings 11-12 and out-

put voltage windings 7-8, it is possible to operate the input at any voltage
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level less than insulation breakdown. Thus, the electrometer preamplifier

plate and filament voltages are referenced to minus collection voltage potential
and the control windings in series with resistor R15 constitute the electrometer
tube plate load impedance.

To provide zero output voltage with qulescent plaie current flowing through
the input control windings, an offset current is applied to windings 13~-14 and the
amount of this current is con‘rolled by potentiometer R13.

Gain adjustment is accomplished by varyng the plate voltage potential at
potentiometer R16. Both bias and gain adjustments are externally accessible and
are used to match a particular electrometer tube to a fixed gain amplifier.
Resistors Rl and R2 are summing resistors and R8 in conjunction with Cl, C2, and
C3 furnish the necessary output filtering Self-hiasing of each half of the
amplifier to a proper operating point is accomplished by resistors R9, R3, RS,
R10, and potentiometer R4, The adjustment and temperature compensation of the
amplifier gain is accomplished bty resistor R6, potentiometer R7 and Balco resistor
R17. The network, consisting of diodes CR5 and CR6, resistor R1ll and transistors
Ql and Q2, provides hard limiting at zero and +5 vdc. The 0 to 5 vdc output of
the coarse amplifier is monitored by both the fine amplifier and the decade
switcher,

For a detailed discussion of magnetic amplifier theory, the reader is

referred to Self-Saturating Magnetic Amplifiers by Gordon E. Lynn, Thadders J.

Pulo, John F. Ringelman, & Frederick G. Timmel, McGraw-Hill, 1960,

The fine amplifier in conjunction with a decade switcher provides expan-
sion of the coarse amplifier output. Referring to Figure 31, the input signal is
from coarse amplifier output, Since this amplifier has a voltage gain of five,
the fine output goes from O to +5 volts when the coarse output goes to one volt,
The amplifier zero reference is shifted by the decade switcher in four discrete

steps to expand different levels of the coarse output,

12
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The decade switcher, schematically illustrated in Figure 32 is a four stage,
level sensing circuit with a step current output. Each stage is identical except
for the divider resistors which establish the trigger level. The switching cir-
cuits consist of a Schmitt trigger which drives a constant current generator,

The trigger level is established by divider resistors R2, RS, and R6. Transistor
Q2 samples the coarse amplifier output and causes the circuit to switch when the
sample voltage reaches one volt. Transistor Al is a constant current generator
which turns on when the switching circuit triggers and off when the switching
circuit returns to its original state. The second, third, and fourth stages
operate in the same manner as the first, except for switching at coarse amplifier
output levels of 2, 3, and 4 volts, respectively,

The decade switcher has a step function current output, which increases
the current through windings 9-10 by integral multiples., In this manner, at 1, 2,
3, and b volts switching is accomplished,

The electronic conversion unit is a combination d.c. - d.c, converter and
d.c. - a.¢. inverter. The d.c. converter porvion supplies high voltage for collec~
tion potential, electrometer plate and filament currents and power for the decade
switcher. The a.c. inverter supplies gating voltage at 3 kc to the magnetic ampli-
fier, Figure 33 is & schematic of this unit. Switches Ql and Q2 are silicon
planar epitaxial transistors selected for low saturated collector voltage and
fast switching time. Both switching time and saturated collector voltage have been
optimized for maximum efficiency. The transformer is fabricated from nyleze magnet
wire and a permalloy number 80 magnetic core, Transistors Q3 and Q4 are also
planar- planar epitaxial and are used as gated rectifiers. Both have been chosen to
improve efficiency and reduce temperature effects on the 1.5 volt filament supply.
It should be noted that the 5 volt plate supply and 1.5 volt filament supply are

referenced to the high voltage supply.
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To attain high efficiency with the specified input voltage variation, a
eswitching type regulator is used. A sbthematic of the regulator circuit is illus-
trated in Figure 34. The circuit functions in the following manner. Transistors
Ql and Q2 form a comparator circuit which differentially compares a sample of the
ECU output to a reference voltage. The reference voltage is developed across CR1
wvhich is a temperature compensated zener diode, The error signal from the com-
parator is amplified in Q3 and applied to the base of Q4. Transistor Q4 controls
the repetition rate of the power switch Q5 so as to maintain a constant output
voltege fram the regulator.

The calibration circuit (Figure 35) consists of a relaxation oscillator
and a Clip-flop. The oscillator has a period of 6 minutes and switches the state
of the flip-flop when it fires. Capacitor Clk and resistor R28 form the long-
time constant R-C network of the oscillator. Transistor Q12 is used to reduce
the leakage current across Cls which unijunction transistor Q13 would create.
Transistor Ql3 is the oscillator switch which generates the pulse for control of
the flip-flop. Transistor Ql0 and Qll form a conventional flip-flop, the ztate of
which is read across divider resistors R17 and R186. When the flip-flop changes
state, the negative collection voltage at the electrameter tube cathode is alter-
nately increased or decreased by 0.8 volt.

The method developad for automatic calibration of the ionization chamber
system is similer in operation to that of a gold leaf electrometer or Neher type
ionization chamber since it employs the time-of-charge technique of measuring

ionization current.

By introducing a pulsed step change to the ionization chamber collection
potential, a fixed charge is introduced into the collecting grid of the electro- J
meter, This establishes a relationship for the transfer function Qin versus

Eout of the system; and, at the same time, it provides a linear rather than

17
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logarithmic measurement of the ambient radiation via observation of the rate of
change of the output signal. In addition, the presence of a near point source
(20 to 50 pico curies) of 2 placed on the cavity wall allows an indirect
measurement of cavity gas pressure at zero external radiation.

The zerc ambient electrometer input current is calculated from

6.8 x 10“13

T

I =
viiere T is a linear projection of the time decay curve after a step decrease in

output. For a step increase in output, the input current is calculated from

2.1 x 10.'l3

T
where t is the time for Eout to decrease to half maximum value,

Calling the initial time, to’ ambient radiation is zero. At to’ a step
decrease in collection potential of 0.8 volt creates a decrease in output of
0.25 volt., Projection of the linear portion of the curve to equilibrium output
results in a value for T of 63 seconds; thus,

I = 1l.lx 1o‘lh amp

IV.A. 3. System Descrition and Operation:

Although each active dosimeter was encased in a similar package,
the Type V dosimeter was fitted with a movable locking barrel and sensor
assembly and an extendable, spring-loaded cord in order tc provide a movable
sensor. The Type I and Type V dosimeters were mounted symmetrically on the
right and left hatches respectively as shown in Figure 36 The mechanical
envelope for the Type V unit is shown in Figure 3¢ ; that of the Type I unit, in

Figure 38.
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Type V Active Dosimeter on Gemini Hatch
Figure 36,
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For Gemini 6 the Type I active dosimeter was redesigned to perform depth
dose measurements during passage of the spacecraft through the inner radiation
belt. The Type I unit was fitted with a removable one-eighth inch brass shield
to similate a depth dose at 2.5 grams/cm2 of material. In order to accommodate
the brass shield, a set of tracks and a special locking mechanism was fitted to
the Type I envelope used on Gemini L. The brass shield and the Type I dosime-
ter are piptured in Figure 39. The shield is fitted on the side with a piece
of Velcro tape by means of which it can be hung on *he spacecraft wall when
Zopth dose measurements were not being performed.

The passive dosimetry system consisted of five small aluminum cannisters
one thirty-second of an inch thick (Fig. 16). Each unit was hermetically sealed
and contained the thermoluminescent and photoluminescent dosimeters described
earlier. The units were placed at selected locations within the spacecraft
cabin (Figure LO), the same mechanical configuration being used for spacecraft
L and 6. Figure Ll displays the mechanical envelope of each passive dosimeter.

No electrical power or telemetry were required for the passive portion of
this experiment.

It was mentioned earlier that each tissue equivalent active dosimeter is
equipped with two radiation rate electronic shaping circuits: a coarse and a
fine output. For Experiment D-8 the Type I unit outputs designated XBOl and
XB02; and for the Type V unit they were labeled XBO3 and XBl8. Each channel
ranged from 0.0 to 5.0 volts D.C. They were fitted with impedences to operate
into telemetry systems whose input impedence is greater than 100,000 ohms. The
Type I unit was also equipped with a temperature sensor located in the power

supply ssction of the electronics. This output pin is also a 0.0 to 5.0 volts
D.C. in range and is designated XBO6. The other output pin for the Type I
dosimeter is lateled XB17 and monitors on a 0.0 to 5.0 vclt D.C. scale the cali-
brate timing circuit voltage which activates the automatic calibration of the

sensor described previously. The electrical system schematic of the active
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portion of Experiment D-8 is shown in Figure L2. A block diagram of the active
dosimetry spacecraft data storage and power supply system is shown in Figure L3.

Iv. B. Development (Technological Chronology of Design)

Iv. B. 1. §229dule:

A CPIF contract, AF 29 (601)-6346, was let with the AVCO Corpora-
tion of Tulsa, Oklahoma on February 24, 1964, for the design and development of
t he activg dosimetry system for Zxperiment D-8. The passive dosimetry portion
of the experiment was completely designed, tested, and fabricated in-house by
the Biophysics Branch of the Air Force Weapons Laboratory.

Two types of active dosimeters were proposed and designed for
use on the Gemini Spacecraft. One is designated Type I and employs a fixed
sensor, that is, one which cannot be removed rrom the electronics package.
The other dosimeter, the Type V, uses a removable sensor. It was planned to
couple the Type V to a meter which would give a direct measurement of the dose
to the astronaut. These design plans, including the electronic design based upon
technical data compiled under a previous contract, were submitted to the Air Force
by the contractor on 15 January 1964 as part of the contract proposal. The active
units were to have L distinct, hermetically sealed modules consisting of one de-
cade switcher, a power supply, and a set of coarse and fins magnetic amplifiers.
The initially proposed weight of each unit was 3.00 lbs. Electronic breadboarding

was begun on 1 March and the bench test procedures given in Appendix (C) were

submitted to the Air Force on that date.
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EXPERIMENT D-8 BLOCK DIAGRAM
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On March 7, 196L, the contractor contacted Westpr Meters, Inz. and learned that
nc flight-qualified meters could be made available for inclusion in the final mechani-
cal sled test unit or the first flight units. It was also learned that the pricing
of the meters whenever they became available, would be excessive. It was decided
to change the design of the Type V meter so that no meters would be required for
any of the hardware on Spacecraft L and 6. With this change, the mechanical design
of the active dosimeters was then modified and submitted to the Air Force technical
monitor by the contractor. Testing of this unit was performed by the contractor on
15 March 196L.

The Air Force and McDonnell approved the mechanical envelope c¢rawings for
the two active instruments on 20 March 196L. The mechanical drawing of the inte-
grated experiment for both the Type I and the Type V dosimeters was designated
4,53D1-003. Approval was given on 23 March 1964 to fix the sensor operating
voltages at 100 volts rather than the 300 volts initially proposed because of
corona discharge problems encountered at the higher voltage. The mechanical
sled *est unit was delivered to McDonnell Aircraft on 30 March 196L4. The final
shock testing at China Lake, California was scheduled for late April. This
test was delayed until May, however, because of technical difficulties at Mc»
Donnell.

The first spacecraft systems test (SST) unit was fabricated on 15 April 196L.
This unit incorporated the final design of the flight items with one exception:

The method of sensor and barrel assembly which was changed in August of
1964. The changes cunsisted in corona epoxy molding the barrel and cavity ioni-
zation chamber when it was discovered that the chamber had suffered leaks in
preliminary vibration testing of the unit. Delay of vibration testing until

August was necessitated by the short delivery date of the first SST unit.
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With scnsor and barrel assembly change the SST-6 active units were successfully
qualified by 15 November 196l and the final flight units were fabricated identi-
cal to those units. Delivery of the units to the Air Force was effected 1 March
1965. At that time all Gemini hardware fabrication and delivery to the Air Force

was completed.

IV.B.2. Testing:

A three-phase program of pre-delivery and pre-installation -
acceeptance testing was associated with the integration of the active dosimetry
system into the Gemini spacecraft. Initial testing was begun at the vendor's
facility immediately after the sensors were constructed.

IV.B.2.a. Design Testing:

Preliminary testing was conducted to establish operating conditions
for each type of sensor used in the program: Figure 25, discussed earlier,
illustrates the results of the first test run on the Type I dosimeter. Its
purpose was to establish the tissue equivalence of the ionizing cavity. 1In
this test, the number of ions per mass of gas in the chamber was plotted against
the gas pressure. The linearity of this curve demonstrated that the ionization
chambers were ~perating in the Bragg-Gray mode, as predicted in the theoretical
considerations by Fano's Theorem. Figures 4L and L5 show a plot of the saturation
curves for the Type V Dosimeter. This data was gathered using varying energies
of X Radiation to determine the optimum voltage operating point of the ionization
cavity. Figures L6 and L7 show the effects of the type and length of the collecting
electrode on the saturation curves of the Type V Dosimeter for 80 to 120 kcvp X rays.
A long tissue equivalent plastic center electrode was utilized in the final flight
items because of the flat behavior of its saturation curves which distinguish it
from the sharp bending experiericed by the other commonly used probe types. It
should be noted that this feature was incorporated as a result of data generated

in initial tests and was not theoretically predicted.
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The electronics were tested during assembly to determine the core design
of the magnetic amplifiers. EKach test consisted of an induced voltage in which
sach set of windings were exposed to twice the normal operating voltages for a
period of operation comparable to the expected operating time on the Gemini Mis-
sions. After the induced voltage tests, each amplifier was subjected to a
stability test to determine the expected rate of drift with time in use. The
results of a representative test for the Gemini SST coarse amplifier is shown in
Figure L8. Since the electrometer circuit is the most critical element in the
active dosimeter electronics, extensive tests were run during initial design to
establish the proper aging time commensurate with operating airrents and voltages
established for this experiment. Figure 49 and 50 illustrate life aging tests
performed on ten 5889 electrometer tubes of the type used in the Type I and Type
V charge-sensitive preamplifier circuitry.

During design of the mounting and packaging configurations for the active
dosimeters a series of directional response plots for each of the three mutually
perpendicular planes of rotation illustrated in Figure 51 was generated for X Rays
of 60 and 200 KVP energy levels. The relative dose rate for 348 directions of
irradiation for the Type I instrument with 60 kvp X rays and no filter is shown
in Table IV where it may be reen noticeable X-ray attenuation occurs only for

rays passing through the electronics, even at these low energies.
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Three Planes of Ionization Chamber Rotation

Figure 51.
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]

60 KVP, no filter

Table IV,

Relative Dose Rate for 348
Directions of Irradiation
(Type I Instrument)

() means corrected for

shielding mounting plate

Phi

0 30 60 90 120 150 180 210 240 270 300 330

1 1 1 1 | 1 1 1 1 1 1 1

| 1 1 1 1 il 1 1 1 1 1 1

1 1 1 | | | | 1 1 1 1 1

1 1 1 1 | 1 1 | 1 1 1 1

1 | 1 | 1 1 | i 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 | 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1

1 1 | 1 1 1 1 1 1 1 1 1

1 1 | 1 1 1 | 1 1 1 1 1

1 1 ! 1 1 1 (.98) (.99) 1 1 1 1

1 1 1 1 1 (.98) (.91) (.95) 1 1 1 1

1 1 1 | 1 (.93) (.84) (.87) 1 1 1 1

| 1 1 | 1  (.86) (.77) (.80) 1 1 1 1

1 1 1 | .968 (.80) (.70) (.73) .821 1 1 1

1 . 986 1 .992  .950 (.75) (.66) (.69) .809 1 1 1
.968 .968 .986 .992 .908 (.66) (.58) (.63) .758 .986 1 .968
.840 .858 .893 .930 .809 (.56) (.46) (.52) .671 .908 .908 .82l
.630 .658 .729 .758 .658 (.43) (.31) (.40) .546 .790 .740 .630
.515 .556 --- --= .569 (.34) (.24) (.30) .475 .690 .644 .524
.411 .446 .530 .580 .483 {(.25) (.18) (.22) .411 .592 .546 .420
.303  .349 .432 .483 .394 .175 .123 .158 .335 .502 .446 .328
.214 .262 .335 .385 .315 .135 .0938 .123 .272 .394 .349 224
L1311 .172  .257 .296 .237 .0991 --- .0938 .202 .312 .278 .148
.0691 .0975 .176 .214 .161 .0691 .0539 .0749 .148 .227 .194 .0830
.0386 .0539 .110 .137 .101 .0496 .0475 .0636 .106 .148 .131 .0539
.0375 .0446 .0662 .0796 .0610 .0457 .0496 .0598 .0765 .0991 .0830 .0446
.0446 .0475 .0468 .0525 .0468 .0475 .0561 .0572 .0610 .0662 .0585 .0457
.0585 .0572 .0550 .058C .0539 .0529 .0585 .0572 .0550 .0580 .0539
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Figure 52 shows the comparative response of the Type I dosimeter for 60
and 200 KVP X rays in the first plane of rotation, Figure 53 illustrates the
same type of curve for the second plane of rotation. In these curves a relative
response of 1.00 means that the omnidirectional response of the dosimeter is
100%.

From these data the net response of the instrument to radiation can be
calculated and compared to the response that would be obtained if the response
were purely omnidirectional. This is done as follows:

The net response is given by

Ln

f r(Q)an

(o)

vhere r(Q) = dose rate when irradiated from the directions 2 to
Q+ aq
1 = solid angle.
For polar coordinates, the well known relationship
dQ = sin @ 46 4¢
means the net response can be calculated from

n 2w

j’ sin 6 ds6 f r(e, ¢) ad.

o o

Tkis integration is very simply performed numerically. A s&iple numericeal
integration over 6 for the 60 KVP data is given in Table (V). Note thet in the
table the result of the numbrical integration over @ is reported in the column

"average relative dose rate." Note also the fact that the readings for small 6
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TABLE ¥

Calculation of Net Efficiency
(60 KVP, Type I Chamber)

Average
Theta Sin® A6 Relative Dose Rate Product
180 0 1 0
175 .0092 1 . 0092
! 170 .0152 1 . 0152
) 165 . 0226 1 . 0226
| 160 . 0298 1 .0298
; 155 . 0368 1 .0368
| 150 . 0436 1 . 0436
145 . 05C0 1 . 0500
140 . 0560 1 . 0560
% 135 L0616 1 L0616
l g 130 . 0668 . 997 . 0665
' 120 . 147 . 987 . 145
110 . 161 . 971 . 156
100 .170 . 954 . 162
90 .174 .918 . 160
| 80 .170 . 904 . 1535
, 70 . 161 . 868 . 140
| 60 . 147 . 765 . 1125
! 50 . 0668 . 607 . 0406
45 .0616 .515 .0318
40 . 0560 . 423 .0237
\ 35 . 0500 . 334 .0167
30 . 0436 . 259 .0113
25 . 0368 . 191 . 0070
20 . 0298 . 131 . 0039
15 . 0226 . 087 . 0020
10 . 0152 .063 .0010
5 . 0092 . 053 . 0005
0 0 . 056 0
1.9132 1.5719
1.5719
l_-m = 82. 4%
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are of little importance relative to the readings at large 6 because of the
relatively small solid angle at small 6.

A net efficiency of 82.4 percent is calculated for the Type I instrument
ané unfiltered 60 KVP X rays. The results of similar calculations are given
for a total of seven radiation qualities in Table V1, These figures were
obtained by extensive measurements with the use of these results in performing
the numerical double integrations. Consequently, the figures quoted are accu-
rate, as indicated, in the tenths cf percent. It is very gratifying that even
for X rays as soft as the 60 KVP spectrum, the instrument is quite efficient as
an omnidirectional sensor of radiationm.

In Figure 54 is shown a comparison of the characteristics of seven radia-
tion types available for use in calibration. The results of exposure of the
Type I instrument to these seven radiation types, as well as the relative dose
rate for each type at a given angle in the second plane of rotation is illus-
trated in Figure 55. Figures 56 through 57 illustrate the polar response of the
Type I instrument in six plsnes of rotation for 60 KVP, 200 KVP X rays. Table
VII ghovs the net efficiency of the Type I snielding to a perfectly omnidirec -
tional sensor for each of the seven radiation types. It is observed that a net
efficiency of 96.6% was observed for the Type I instrument using y radiation at
only 1.25 Mev., The Type V instrument was tested for directional response in the
same manner as the Type I dosimeter. A polar diagram of the angular response in
two planes for three radiation types is shown in Figure 58 for the Type I instru-
ment. The net efficiency of the Type V ionization chamber relative to a per-
fectly omnidirectional sensor is presented in Table VIII for all seven types of
radiation. This table also shows the efficiency of the Type V sensor relative

to the Type I sensor,
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‘T'ype I Instrument
Net Efficiency Relative to a Perfectly Omnidirectional Sensor

Radiation Efficiency

. Cobalt-60 gammma raye 96. 6%

I 200 KVP, 3 mm Cu filter 91.9%
160 KVP, 1.5 mm Cu filter 90. 9%

| 160 KVP, 8.2 mm Al filter 89.6%
120 KVP, 1.6 mm Al filter 87.4%

80 KVP, no filter 84.6%

60 KVP, no filter 82. 4%

|
TABLE Y11

Type I Instrument, with Brass Shield
Net Efficiency Relative to a Perfectly Omnidirectional Sensor

Brass Plate Estimated

Radiation Attenuation Efficiency
Cobalt-60 gamma rays 0.89 85-90%
200 KVP, 3 mm Cu filter 0.64 60-65%
160 KVP, 1.5 mm Cu filter 0.41 40%
166 KVP, 8.2 mm Al filter 0.26 25%
120 KVP, 1.6 mm Al filter 0.0786 10-15%
80 KVP, no filter 0.0123 4-8%
60 KVP, no filter 0. 00376 1=3%
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60 KVP, no filter

2. 80 KVP, no filter
3. 80 KVP, 0.5 mm Cu
4, 120 KVP, 1.6 mm Al
5. 160 KVP, 8.2 mm AT
6. 160 KVP, 1.5 mm Cu
7. 200 KVP, 3 mm Cu
—m
e g
o [ -
s L N\ N
= 1
[
O Attenuation Curves for ™
a | Different Radiation i
S Qualities, Aluminum
B A
LY
(14
~—80 kev |
70
60
Theoretical Attenuation
P Curves for Monoenergetic
X-Ray Beams
40
0. o]—— 30 kev J P
11 | A N A Y B DU N N
0 2 6 8 10 12 14 16

Thickness Aluminum (gm/cm?)

Figure Si.
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|

TABLE VIII

Type V Instrument
Net Efficiency Relative to a Perfectly Omnidirectional Sensor

Efficiency
Radiation Efficiencz’°< Relative to Type I
Cobalt-60 gamma rays (93-95%) (95-98%)
200 KVP, 3 mm Cu filter 86.6% 94. 3%
160 KVP, 1.5 mm Cu filter (84%) (92. 5%)
B 160 KVP, 8.2 mm Al filter (82%) (91. 5%)
! 120 KVP, 1.6 mm Al filter 75.5% 86.5%
: 80 KVP, no filter (11%) (84%)
i 60 KVP, no filter 67.0% 81.4%

*() means the value is estimated; otherwise the values are obtained
from detailed measurements.
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120 300 60 KVP, no filter 150 330

Polar Diagram of Theta Response in Six Pianes of
Rotation, 60 KVP

Figure 56.
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Figure 57.
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IV.B.2.b. 7alibration, Pre-Delivery, and Qualification Acceptance Testing.

Calibration of tne flight active dosimeters consisted of a
three-phased program to determine the radiation input-to-output voltage transfer
functions, radiation response time at v-.ious radiation levels, and temperature-
time effects on the transfer or calibration curves. Initial calibration was
accomplished approximatsly 90 days befure launch, using the AVCO Corporation
Cobalt 60 gamma radiation facility at Tulsa, Oklahoma. Testing was performed %
prior to shipment of the Gemini L and Gemini 6 instruments to the Air Force Wea-
pons Laboratory (AFWL) where recalibration was accomplished, with both Cobait 60
and Cesium 137 gamma sources. Subsequently the units weie delivered to McDonnell
Aircraft for spacecraft integration. Recalibration was accomplished using the Gemi-
ni L dosimeters at AFWL approximately 20 days after the completion of the Gemini L
missions. The test and calibration conditions and the results of each test
are presented in two separate sections for: (1) calibratiorn and testing at AVCO
and (2) calibration and testing by the Air Force.

All gamma sourc:y utilized in this offort were calibrated by
the National Bureau of Standards in roentgens of exposure dose. Appendix (F)
provides a set of suitable factors for conversion of the exposure dose defined i
in terms of the charge per unit mass to absorbed dose in energy deposition per
unit mass.

(1) Test Conditions }

The conditions for test of these instruments were deline-
ated in the terms of the contract. The tests were 'accomplished in a specified
sequence and all data recorded for each instrument tested. The testing sequence

was as follows:
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(a) Calibration and response

(b} Power requirement test

(c) Drift rate test

(d) Vacuum thermal and temperature
(e) Accuracy

(f) Sensitivity

The test equipment used was of good commercial quality, and all test equip-
ment bore current calibration stamps.

The ion chamber instruments were calibrated using a 12 mc source of Co60,
and a range table approximately five feet long. Low lavel measurements were
taken using an attenuator placed in front of the source. Measurements of
response times were made with a strip chart recorder connected to the output of
the TEIC instrument and the door to the source holder operned rapidly to produce
a step function in radiation level. The response time is defined as 10 percent
of the output change in voltage.

Power was measured at both extremes of the voltage range, 20 volts and 28
volts, at ambient temperature and under ambient radiation conditions. The Instru-
ment outputs were periodically monitored for a drift rate test of 100 hours,
including the time of succeeding vacuum thermal and temperature testing. The
coarse end fine output voltage was recoried at the beginning of the test and
again at tue end.

Vacuum thermal testing was conducted by placing the instrument in a bell
Jar which in turn was placed in an environmental chamber adjusted to the required
temperature. Temperature testing and Type I temperature sensor calibration was
conducted in an environmental chamber at the specified temperatures with four

hours of soak time at each temperature.

118




A functional check was performed on each instrument at the completion of
the testing and before shipment of the instrument to McDonnell Aircraft,
The above tests were performed on all Gemini flight units.
Temperature limits were 160°F and 0°F and pressure was 3 mm Hg absolute.
(2) calibration Curves.

The calibration curves for the four Gemini flight instru-
ments, Type I SN-5 and SN-6, and the Type V SN-5 and SN-7, are shown in the
following pages (Figures g) througn 64). The instruments vere sdjustable to
different dose rates for the iaximum 5.0 volts telemetry output. The char-
acteristic shapes of the curves were all very nearly the same, the gain varying
from 1.05 volt/decade to 1.3 volt/decade.

(3) Temperature Data.

The test data for the temperature run of the Gemini instru-
ments are shown in Table IX. Each Type I Gemini instrument has a temperature
sensor output voltage proportional to the internal temperature of the package.
The output voltege from the temperature sensors was recorded for the Type I units
at four points of temperature and ambient temperature after allowing the instru-
ment to stabilize for four hours at each of four temperatures. A typical calibra-
tion curve of a temperature sensor is shown in Figure 65.

(4) Response Time Measurements.
A table of response time measurements of the Gemini
instruments is shown in Table X, The measurements are takei: from the 10 percent
maximum to 90 percent equilibrium of the curve {Ref. 9 ), A drawing of a typical

response time recording made on a Type V unit is shown in Figure 66.
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TABLE XX

TEMPERATURE TEST DATA
(Unless noted, all readings positive and are in volts)

-18°C o°c 25°C 50°C 70°C
Type L S/N 5
anrle 0.0 0.02 0.10 -0.08 -0.02
Fine 0.0 0.10 0.35 -0.04 -0.02
Temp. Sensor 1.6 2,04 2,98 3.80 4,35
Type I S/N 7
Coarse 0.15 0.20 0.35 0.55 0.60
Fine 0.70 1.00 1.60 2.25 2,50
Temp. Sensor 1.52 1.94 2.78 3.50 4,05
Type I S/N 6
Coarse 0.02 0.09 0.18 0.27 0.31
Fine 0.09 0.40 0.80 1.35 1.47
Temp. Sensor 1.00 1.42 2,03 2.64 3.24
Type VS/N 5
Coarse 0.20 0.25 0.32 0.37 0.40
Fine 0.95 1.20 1,70 1.80 2.00
Type V S/N 6
Coarse 0.08 0.22 0.20 0.25 0.40
Fine 0.40 0.95 1.15 1.35 2.10
/ Type V S/N 7
: Coarse 0.15 0.25 0.10 0.20 0.40
' Fine 0.75 1.25 0.35 1.10 2,00
l‘ -
| TABLE X
RESPONSE TIME MEASUREMENTS
100 mrad/hr 10 rad/bhr
Rise time Decay time Rise time Decay time
(sec) (sec) (sec) (sec)
| Type V, S/N 5 4.23 21.5 1.5 2,5
Type V, S/N 6 5.6 13.0 3.0 3.75
Type V, S/N 7 3.75 20.5 1.3 2.8
. Type I, S/N 5 3.0 5.6 2.0 5.0
| Type I, S/N 6 2.75 8.3 1.2 2.75
Type I, S/N 7 5.6 19.0 2.0 4.0
i
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(5) Power Measurements.

Povwer requirements for each Gemini instrument are shown
in Table XI,

(6) Drift Rate Measurements.

The 100-hour drift rate data for Gemini instrument is
shown in Table XII,

(7) Vacuum Thermal Test.

The results of the vacuum thermal tests are included in
Table XTII,

(8) Automatic ":libration Data.

Aut ;ic calibration of each Type I Gemini unit is
accomplished by introducing a pulsed step change to the ionization chamber
collection potential. A fixed charge is thus introduced into the collecting
grid of the electrometer which establishes a relationship between the transfer

function Qin and Eou of the system; and, at the same time, provides a linear

t
rather than logarithmic measurement of the ambient radiation via ohservation

of the rate of change of the output signal. Actual strip chart recordings of
these calibrationes under different radiation levels are shown in Figure 66, and
graphical representations of time intervals for these instruments for the various
levels of absorbed dose rates are shown in Figures 7 and 8. The time intervals
are obtained by measuring the time for the positive pulse to fall to half maxi-
mum (Figure 66) value and the projection of the negative slope near its maximum
value to the guiescent level. When the sensor is subjected to radiation, the
duration of these pulses becomes less. The durations may then be plotted against
radiation intensities. These points folilow a straight line on log-log plot, but

the frequency characteristic of the magnetic amplifier and the pen type recorder

make the curve bend at the higher dose rates. Figure 69 for & Gemini Instrumemt

Dose rate response indicates the character of the higher dose bending.
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TABLE XI

SUY DIV

POWER TABULATION IN MILLIWATTS

! f Type I Type V
| S/N 5 S/N 6 S/N 7 S/N 5 S/N 6 S/N 7
|
1
? , 20 Vv 208 223 212 179 202 186
; i 24V 223 235 230 149 183 194
’ : 28 V 236 253 246 201 198 207
| TABLE XII

DRIFT RATE DATA

Type 1 Type V
i g S/N 5 S/N 6 S/N 7 S/N 5 S/N 6 S/N 7
i Ambient .
Coarse 0.20 0.22 0.15 0.29 ¢.30 0.28
Fine 1.00 1.05 0.15 1.35 1.50 1.40
: 100 hours .
i Coarse 0.26 0.15 0.25 0.25 0.15 0.28
| Fine 1,22 0.70 1.30 1.30 0.70 1.40
| TABLE XIII
VACUUM THERMAL TEST
| ] Type 1 Type V
S/N S S/N 6 S/N 7 S/N 5 S/N 6 S/N 7
Ambient
Coarse 0.02 0.27 0.25 0.30 0.34 0.28
Fine 0.05 1,40 0.80 1.55 1.65 1.15
High Temp.
. Coavse -0.07 0.27 0.60 0.35 0.50 0.34
Fine -0,06 1.50 3.00 1.55 2,60 1.45
Low Temp.
Coarse 0.0 0.025 0.15 0.26 0.08 0.15
Fine 0.0 0.130 0.70 1,26 0.40 0.75
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IV.B.2.c. Air Force Calibration and Recalibration of the Active Dosimeters.

Calibration tests were performed on the completed active dosimeters
at AFWL on 20 February 1965 prior to shipment to McDonnell Aircraft in St. Louis.
Cesium 137 was utiiized as the standard radiation excitation source for both in-
struments. The calibration curves for the five instruments are illustrated in
Figures 70 through 7h. The fine voltages XBO2 and XB18 were monitored only
in the first decade because this decade was used exclusively in data analysis
below 1.0 volt. The active dosimeters flown on Gemini L,both ser. no. 5, wer:
recalibrated at AFWL on 1 July 1965 using both Cobalt 60 and Cesium 137 gamma
radiation. Recalibration was performed to insure realization of the highest
accuracy in the voltage to dose conversion. The recalibration data for the Gemini L
dosimeters is shown in Figures 75 and 76. A slight shift in the Type I calibration
curve was noticed between the February calibration and the July voltage to dose data.
This appears to have resulted from electrometer tube drift which occurred after the
final check at the pad at launch minus seven days. Additional error could have
occurred due io noise in the transmission lines at Cape Kennedy during the time
of final checkout at the pad. A high noise level in the lines on the power sys-
tem could have resulted in a general increase in the ambient veltage readings of
the Type I dosimeter. No changes in ihe Type V readings occurred between calibra-
tion and recalibration indicating that the problems associated with the other
dosimeter did not appear in it. The Gemini 6 active dosimeter recalibration was
csrried out the day after touch down of the spacecraft and no shifts in either
the Type I and Type V Units were observed. These curves were shown in Figures 77
and 78. A Strontium 90 sealed portable beta emitter was used to accomplish PIA
and SST testing and final checkout at Cape Kennedy. The portable radiation

source was encased in a brass tube fitted with a removable cap which allows for
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the emission of radistion from one end of the brass tube. The other end of the
tube is fitted with a plastic source positioning device which allows for place-
ment of the beta source at five locations within the brass tube to provide vari-
ous radiation field strengths at the active dosimeter sensor heads. The source
strength is 0.1 millicuries which allows for convenient shipment of the source
on commercial carriers and passenger aircraft. Since the source is a beta emit-
ter thé radiation from it is absorbed in a few yards of air. As it is directional
it may be safely utilized to perform ca;ibration in areas where other activities
are being carried out. This feature was designed into the source to remove
limitations imposaed by the crowded working areas of the Gemini spacecraft. Dur-
ing calibration at the launch pad, the health and safety officer momitored the
radiation levels produced by this source at various locations both in the white
Room and the spacecraft, and found them to be negligible.

IV.B.2.d. Spacecraft Qualification Testing,

Qualification testing was performed on the act... dosimeters
utilizing Spacecraft 6 SST instruments. Testing was accomplished using the faci-
lities of the Test Directorate, Alr Force Special Weapons Center, Kirtland Air
Furce Base, New Mexico, and the Systems Engineering Section at Wright-Patterson
Air Force Base, Ohio. All tests were performed in accordance with the applicable
portions of McDonnell reports A-531 and 8433. Testing was initiated on 12 August
196l and completed on 28 October 196i.

The following series of tests was completed on the active
dosimeters:

(1) High Temperature

(2) Low Temperature

(3) Pressure

(L) Temperature Pressure
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(5) Relative Humidity
(6) Oxygen Atmospheve
(7) Shock

(8) Acceleration

(9) Acoustic Noise
(10) Radio Interference
(11) vibration

The following environmental tests were not performed for the reasons
stated:

Salt sea atmosphere environmental tests outlined in Mil-E-5252C, Pro-
cedure I and Procedure II: These tests were omitted because the active units
are completely hermetically sealed. Therefore, they would not be affected by
the atmospheric conditions existing at the Cape prior to launch. Since ali
useful data wags already to be collected by the active ionization chambers prior
to landing, the post landing requirements concerning salt sea atmosphere could
also be waived without consequence.

Sand and dust environmental tests outlined in Mil-E-52T72C, Procedure I:
This phase of environmental testing was eliminated because the hermetic seal
of the active units precludes the possibility of any effects from a sand or
dust environment.

Fungus tests delineated ‘n Mil-E-52T72C, Procedure I: This test was not
performed because the active equipment including connectors consists entirely of
materials which are non-nutrients to the fungi listed in paragraph 4.8.,1.1 of
Mil-E-52T2C.

Since the Type I and Type V ionization chambers are identical except for
the physical size of the sensor heads, not every environmental test was performed

on both units, However, the unit which was considered more susceptible to failure

143




in each test vas subjected to that test, on the assumption that the stronger of
the tvo units would automatically qualify for a given test if its veaker counter-
part qualified. All units qualified successfully in accordance with the appro-
priate specifications of McDonnell Reports A-531 and 8433,

IV.B.2&8.. Qualification Test Results for the Passive Dosimetry Units;:

The passive dosimetry units were subjected to thorough environ-
mentel testing to guarantee that the integrity of each unit would be maintained
before, during, and after the Gemini flights. The guidelines for these tests
were taken from the appropriate sections and tables of McDonnell Report 8433,
Al]l tests, with the exception of the acoustic noise test, were performed using
the facilities of the Test Directorate, Air Force Special Weapons Center, Kirt-
land AFB, Newv Mexico. The instruments tested were identical to those which were
actually placed aboard Gemini. The following environmental tests were performed
on the passive dosimetry units;

(1) High Temperature

(2) Low Temperature

(3) Pressure

(4) Temperature Pressure

(5) Relative Humidity

(6) Oxygen Atmosphere

(7) Rain

(8) Salt Spray

(9) Shock

(10) Acceleration
(11) Acoustic Noise
(12) Sea Water Immersion

(13) Vibration




The following two environmental tests were not performed for the reasons
stated:

Sand and dust environmental te:ts were eliminated because the hermetic
seal of each passive unit elimirates the possibility of any adverse effects from
a sand or dust environment.

Fungus tests were not performed because the materials from which the pas-
sive units are constructed are non-nutrients to the fungi listed in paragraph
4.8.1.1 of Mil-E-52T2C.

Since the five passive dosimetry units are identical in all respects, it
was not considered necessary to place all five units in each specifieZ test
environment. The units tested were identical in all respects to those which
were delivered to McDonnell Aircraft Corp. on 23 November 1964, Since, in
many cases, the specifications to be passed by the dosimeter outside *he pres-
surized cabin were more rigorous than the similar requirements for those within
the cabin, all dosimeters were tested to the stricter requirements, since each
unit qualified in the more severe environment would certainly have passed the
less severe testing procedures. All units were thus successfully qualified in
an environment, which was generally more sevcre than that called for.

Since the passive units require no power or telemetry, no electrical con-
nections of any kind are required. As a result, this report will comtain no
output curves, voltage readings, or other data which was associated with the
test results of the active units. Thorough visual observations before, duriag,
and after each test were made to insure that no crushing, distortion, opening
of seals; or other deleterious effects took place. Tests were also designed to
guarantee both the firm mechanical attachment of the lid to the body of the

units, and to check the hermetic seal.
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IV.B.2.f Pre-Installation Acceptance Tests:

PIA: The pre-installation acceptance test plan was submitted by
AVCO Corporation to McDonnell Aircraft Company on 15 June 1565, and assigned SEDR
PIA Number 322, This procedure proved unsatisfactory during initial SST-L4 instru-
ment testing because of differences in the operating ranges of the various SST and
flight ipsiruments programmed for delivery. 1iIn order to eliminate this probleam
SEDR 322 was modified on 23 November 1965 to provide an adequate and fiexible
means of testing the instruments. Since there were a different set of operating

conditions associated with each type of active dosimeter, separate procedures were

established within the main SEDR to cover PIA testing of both the Type I and

Type V units.

| The units were veighed and inspected beforehand to insure that
no mechanical flaws in mounting dimensions, finish, or connector condition
existed. Each dosimeter was mounted on 8 suitably grounded table and connected
to a specially dezigned test set designated TEIC Test Set No. 1 Model 52ZEL40073.
Both dosimeters were subjected to a chassis grounding test to insure that proper
ground éxisted between the mounting base and the spacecraft, After grounding
vas established a specially sealed B .ta source, designated 453, was placed in
five locations including ambient background to establish voltage readings with
which to compare the PDA test results. Each radiation reading was fixed to
correspond to points on the anticipated Cemini mission radiation level spectrum,
The Type I dosimeter was also monitored to determine the proper operation of the
calibrate monitor circuit. This wss accowplished by simply monitoring the
activating flip-flop voltage from Pin XB-17 and securing an alternate 3.5 or =0.5
volt d.c. reading. Appendix G provides the complete PIA Procedure.

All units successfully passed initial PIA testing with the exception of the

first SST units for Spacecraft U4 which failed the test because of leaks in
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the sensor heads. This has been discussed previously in the design and fabrication
section of this report.

There were no explicit PIA procedures for the passive dosimeter since
they had no electrical interface with the spacecraft and were as such only

visually inspected by McDonnell to insure sealing integrity.
IV.B.3. Quality Assurance and Control:

This Quality Assurance Program was carried out under Air Force Regu-
lation-MII.Q 98584 which is incorporated in the NASA Quality Assurance and Control
program for the Gemini and Apollo Manned programs.

The Quality Assurance System which was employed on Contract AF29(601)-63L6
is presented in Appendix (H). This manual is maintzined by the contractor to
assure that quality goals and requirements were realized in all phases of the
c ontract performance including that of design, development, manufacturing, test,
packaging, shipment and maintenance. A breakdown of personnel comprising the
organization is presented in addition to the responsibilities associated with
the quality program delineated for each.

The Quality Assurance System is implemented by written procedures, operat-
ing instructions, and training programs all of which readily lead themselves to the
compliance by the contractor persomnel and audit by both Contracts Management and Tech-
nical Management personnel of the Government.

The Quality Assurance System at the contractcr’s facility was as required by
regulation and was effective in the control of quality on all systems specified in the
subject contract with the Government. This program was carried out under three manuals
published by the Contractor, AVCO/Tulsa.

Volume I is presented here since it contains the basic outline of the Quali-
ty Control Program. Vomumes II and IIT present a complete and detailed list of all
technical details associated with the Quality Control effort and may be obtained upon re-
quest from the contractor.

The Air Force Quality Corntrol Program for the passive dosimeters that was

utilized in the design, fabrications, and testing is outlined in Appendix (I).
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IV.B.i.a.Technical snd Scientific Contributions Test Development :

The major scientific and technical accomplishments associated with the
D-§ active dosimetry development vere:

a. Design of a completely tissue equivalent ionizing cavity for
space use.

b. Successful use of a log triode electrometer tube and magnetic
amplifiers to detect ionizing currents down to 10712 amperes,

¢. Design of the self-calibration feature in the Type I Unit.

d. Evaluation of the directional sensitivity in three planes for
widely varying electromagnetic radiation exposure.

The design of the sensor element was the first use of space ruggedized
material tissue equivalent to all known radiation. No previous dose instrumen-
tation on board manned spaceflight were able to respond equally well to all forms
of electromagnetic and charged particle radiation for all energies present in
space. .The design of the Type V chamber incorporated for the first time a sensor
element that could be used to survey localized areas of different shielding
within a manned space vehicle during passage through the radiation environment.
The sensor design also provided the first ionization chamber capable of with-
standing over 100 g's of shock vhile remaining operative. This extremely high
load design was dictated by the hatch location of the dosimeter which required
that the units survive more than 85 g's of force.

By coupling & log %riode electrometer with a set of specially designed
magnetic amplifiers vhich operate on magnetic hysterisis phenomena, stableT
operatiou in both types of ionization cnambers was achieved at currents ranging
down to 10-15 amperes. This means that doses as low as 0.1 millirad/hour could

be assessed through the use of sinall portable ionization cavities with dimensions
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as small as 100 cubic centimeters. Such low doses previously required cavities
which were much larger in volume to perform stable measurements, Furthermore,
with the magnetic amplifier arrangement of signal conditioning electron= accu-
racy in reading the telemetered data was increased by a factor of five. This
vas a result of the fine magnetic amplifier arrangement which allowed for each one
volt change in the coarse amplifier to be magnified on a zero to five volt scale.
Another extremely impcrtant development under tais effort was toc provide flight
qualified hardware of small, rugged, and compact size which could cover seven
decades or radiation exposure. Such dosimetry systems will be of grest value in
*he future where space radiation Qill fluctuate even more than it did on the
Gemini mission.

The design of the self-calibration festure in the Type I Unit was another
major contribution to scientific and technical design of dosimetry equipment,
This feature allowed the monitoring of the ambient conditions withir. the sensor
as vell as the electrometer tube amplification characteristics by use of the rate
of charge method of radiation detection. Not only did this self-calibration fea-
ture allov for system monitoring, but also provided a means of detecting minutely
small currents of ionization which were below the threshold of instantaneous
dctection. This could be accomplished by measuring the time required for each
instrument to reach the ninety percent response points.

This effort also marked the first time that extensive research had been
carried out on the directional sensitivity of spaceflight instrumentation. In
this effort up to 348 directions of irradiation of the Type I instrument were
utilized with seven types of radiation (six electromagnetic and one beta emitter).
It vas shown for the first time that the net efficiency to low energy X-Rays and

Gamma rays were greater than 92% for all angles and directions of exposure.
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IV.B.k.b. MILITARY CONTRIBUTIONS FROM DEVELOPMENT:

While only two active dosimeters were utilized on the Gemini flights,
there evolved a system of four tissue-equivalent sensors of different geometric size
coupled with the Gemini electronics which extended the range of measurement from
.0001 to 40,000 rad/hour. This extended range system has been incorporated as
a result of the qualifying work on Gemini Experiment D8 into unmanned Air Force
Radiation Research Satellites WL-U13 and OV 1-9 programmed to pass deeper into
the Van Allen Belts. The four sensors with associated depth dose shielding are
iliustrated in Figure 79. Another ultra-sensitive cosmic radiation ionization
chamber was developed as a result of the Gemini program of radiation experiments.
This dosimeter is capable of assessing the cosmic ray from .05 millirad/hour to
10 rad/hour on polar orbiting satellites and is shown in Figure 80. . The portable,
hand-held, and self-powered manned spacecraft dose rate indicator is shown in Figure
81. This instrument is another variation of the basic Gemini Active Dosimeter De-
sign in that it also uses the same sensor and signal conditioning electronics as
the original hardware.

The electronics and sensors for these systems required stability <f opera-
tion not available before the Gemini experimental radiation effort. From this effort
emerged hardware able to meet the most rigorous experimental and envircnmental speci-
fications ever placed on a dosimetry system.

The development of the D8 dosimetry system has now made it possible for
the Air Force to have on-the-shelf hardware which meets all the environmental para-
meters of any manned or unmanned spacecraft. This hardware can be used to assess
the radiation hazard in any situations which could arise on short notice such as
assessing an area of space contaminated by nuclesr burst particles from high alti-
tude weapon detonations. This capabilit)’ in both manned and unmanned systems did
not exist in the Air Force prior to Experiment D8 which has now provided military
readiness in a critical area of endeavor.
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Unmanned Air Force Dosimetry System and Depth Dose Shields
Figure 79
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IV.C. INTEGRATION:

Integration of the active and passive dosimeters for Experiment D8 was con-
trolled b& Report A-531, "Interface Requirements Document for DOD ard NASA Gemini
Experiment D-8". This document define. all equipment interface requirements,
testing criteria, aerospace ground equipment requirements, and delegated responsi-
bility relating to the integration of experiment into the Gemini Spacecraft L and
6. This document was prepared under order 63-0l, of the general contract NAS 9-
170, DOD/NASA Gemini Experiments Program. All equipment with the exception of
the mounting and attaching hardware and the electrical bundles and interconnectors
was supplied by the Air Force. The items that were not GFE were supplied by
McDonnell. The mounting of the units into the spacecraft was accomplished for
both the passive and active dosimeters through McDonnell drawings 52-81155 and
52-81226 for spacecraft L and 6 respectively. |

Verification of the electrical interface of the active dosimeters into Gemini
Spacecrafts L and 6 was accomplished through sequences of 08-000 through 08-016 of
SEDR C 321-6, which defined the Spacecraft Systems Testing Procedure. In:tial mount-
ing of the active and passive dorimeters onto the spacecraft was begun in May, 196l,
when mock-up items of these units were installed for form-fit checks and astronaut-
handling review. At that time mechanical design of all hardware was determined to be
acceptable for astronaut handling in a simulated space environment.

IV.C.1.  Schedule:

No limitations to passive or active dosimeter integration for Experiment
D8 were observed for Spacecraft L. Following a reduction of data from Gemini-lk,
the need to fly a depth-dose shield on the active Type I Dosimeter for Spacecraft
6 was evolved and did create design problems with that unit. Since the results

of Gemini-l were not reduced until after Spacecraft 6 had been delivered to the
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Cape, all stowage space had been utilized and it was necessary to modify the Type I
unit so that the shield cculd be flown with it during launch. This recuired com-
plete mechanical requalification of the unit before reintegration by SEDR C 321-6
onto the spacecraft.

IV.C.2. Testing:

The SST Test Procedure is presented in Appendix (D). This procedure con-
sisted of a three-point struntium-90 beta calibration with the same source used
in the PreInstallation Acceptance (PIA) Procedure. Fach pesition was run for a
period of one minute with the exception of the ambient readings, which were carriesd out
for fifteen minutes to insure that the negative and positive calibrate pulses as moni-
tored on pin B-17 were functioning. The outputs of each of the active units were
read out at the PCM zround statior to insure that all telemetry channels and
dose-rate monitor outputs were functioning. No SST retesting was performed on
tlie modified Type I active dosimeter. The operational checkout at the Cape
at launch minus seven days was provided as a substitute for SST retest because
of the extremely late date at which modification had to be performsd and because
the SST and Cape checkouts had previously determined that all telemetry points
were operating correctly. The SST-6 checkout procedure was the same as the checkout
for Spacecraft-lL, but with the additional radiation settings being utilized for the
shielded Type I sensor.

The Cape Kennedy checkout of the active dosimeters was accomplished at launch
minus seven days for both spacecrafts L and 6. This test was similar to the SST
testing, except for the greater warm-up time allowed as a result of the long time
elapsed between SST testing at St. Louis and Cape checkout. The procedure is out-
lined in Appendix (E). Since the launch of Spacecraft 6 was postponed once, two

checkouts at the Cape were carried cut for that flight.
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IV.C.3. Technical Problems:

Several technical problems were discovered as a result of the SST Testing
for Spacecrafts L and 6. On Spacecraft L, a faulty design in the B + power line
to the Type V unit was discovered when no power reached this unit. The wiring
flaw was eliminated and the unit functioned properly thereafter. It was also
discovered during SST testing that the large number of personnel whu worked in
the spacecraft would come into physical contact with the sensor heads of the active
dosimeters and remove the outer insulating paint cover which led to ambient opera-
tion drift in the units. This was remedied by the building of special nylon
AGE covers which were placed over the final flight units to eliminate this
problem. The last problem discovered during hardware integration was that the
AGE egress seat would not allow the hatch to close without benaing the back por-
tion of the Type I electronics. The SST Type I electronics suffered a rather large
indentation as a result of the flaw in seat design. An MR was written to preclude
using this‘temporary seat further for various spacecraft fit checks.

Only two problems were encountered on Gemini 6. One was that the Type I
shield could not be removed due to an cbstruction in the spacecraft wall when
it was mounted on the left egress cdoor. In order to eliminate this problem,
the Type V and the Type T unit were relocated on the right and left hatches,
respectively. The other major problem encountered with the Type I modified
unit was that the base plate on the right hatch was warped and produced a strain
in the shield. This problem was solved by inserting rubber washers in the four

mounting holes to eliminate the strain.
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V. FLIGHT TEST:

The data gathered in the experiment consisted of 97 hours and LS minutes
and 25 hours and 30 minutes of dose rate and depth dose rate measuremen£s on
Gemini L and 6. The dose rate data ircluded a measurement of the cosmic radia-
tion and trapped Van Allen radiation throughout both Gemini Missions. This
Experiment recorded the instantaneous tissue dose in a manner never before
accomplished on a manned spacecraft. The measurements marked the first time
that dose rate surveys were performed at many shielded locations within the
spacecraft during Van Allen Belt passage. ‘This instantaneous data was also
complemented by accumulated records of the particle profile and energy within
the interior of the spacecraft from the passive dosimeters flown at the same
location. This data has allowed the establishment of experimentally deter-
mined attenuation factors of the radiation field which can be extrspolated to
operations in a Gemini spacecraft at cther altitudes.

V- A. First Flight of Experiment . GT-lL

1. Missgion as Planned

Operational procedures:

All equipment in this experiment was automatic and required no
switches or turn-on from the ground. Each active dosimeter was activated
whenever the spacecraft was fully powered. The passive dosimeters were fixed
al various locations within the spacecraft and were also completely automatic
in that they required no switches or activation levers of any kind. It was
necessary only for the co-pilot to remove the active sensor from the Type V
instrument and to survey five locations about the spacecraft cabin during one
of the passes of the spacecraft throught the Inner Van Allen belt. After the
survey the astronaut was required to replace the sensor in its mount. No

other equipment operation whatsoever was required in this experiment for GT-L.
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The operational procedures were integrated into the flight plan by
requesting the required times and locations of the survey through the Flight
Crew Support Division at MSC. The required astronaut time was thern prograrmed
by this section into the flight plan for the spacecraft. These requirements were
first submitted to the Air Force Systems Command Field Office in the Definitive
Experiment Outline of June 196L, approximately eleven months pricr to the launch
of the spacecraft. They were then forwarded to the Flight Crew Support Division

and other mission planning sections of NASA. Since it was anticipated that the

: spacecraft would make at least four passes per day into the anomaly, no definite
revolntions were called for. It was specified, however, that at least three
spacecraft passes through the anomaly be reserved for radiation surveys. Three
survey passes were called for in order to insure that consistency in readings
could be obtained and to determine whether any differences in effective spacecraft
shielding resulted at different locations in the anomaly. With more than one
radiation survey it would be possible to better determine the effects of
spacecraft orientation on dose levels produced by the radiation field enter-
ing the cabin. In order to determine the best possible passes for the survey,
an isoflux plot of the South Atlantic Anomaly was given to the Flight Crew
Support Division. This plot gave the anticipated anomaly radiation intensities
as a function of latitude, longitude, and altitude over the possible range of
Gemini positions. With th . chart it was possible for the crew support personnel
to determine which passes would penetrate most deeply into the anomaly for survey
use. No requests were made for any changes in orbit or for maneuvers to be ac-
complished in this experiment since the sensors were designed to be omnidirectional
and little could be obtained that was not given by natural spacecraft motion such

as normal tumble and roll.
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V.A. 2. Astronaut Training:

a. The astronaut training schedule called for one formal briefing ap-
proximately six weeks before the launch of the spacecraft. Training units were
used in the mission simulators and mission simulation training was undertaken
several times before flight time. All astronaut training was accomplished with
active dosimeter hardware since the astronauts were not required to participate
in the passive dosimeter experiment.

b. The formal astronaut training period required less than an hour

and consisted of a briefing by the project officer and a technical monitor from

the Air Force Systems Command Field Office. The astronauts, xey personnel from the

Flight Crew Support Section of NASA, and the back-up crews were present. Each
briefing consisted of a short background presentation of the problem, the nature
of the experiment, and the anticipated results. Following this, the astronauts
were trained irn the cperation of the active dosimeter with the portable sensor.
This operation was demonstrated and mastered in a matter of minutes due to its
simplicity. After each astronaut had correctly handled the sensor, it was posi-
tioned in the various specified body and spacecraft locations to demonstrate the
performance of the experiment. After this demonstration the astronauts were
requésted to repeat the sensor placement and any corrections or questions that
resulted from their performcnce were cleared up. The astronauts were then given
written handouts of the briefing which gave a summary ol the experiment and the
items covered in the hriefing, such as sensor operation, sensor placement, the
time required for each placement, and the format for recording experiment data in

the flight log book.
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c. Informal brlefings were held with the flight primary crew by the
AFSCF technical monitor on several occasions during the fourweeks before launch.
These informal briefings led to the performance of the experiment a total of five
times during the mission instead of the three required. This was a very fortunate
occurrence because the data from three of the five surveys was lost due to the
manner of telemetry recovery handling on the Pacific recovery ship near Hawaii
and had the extra surveys not been performed all survey data might have been lost.

d. Mockups of the active dosimeters for astronaut training were de-
livered to NASA Flight Crew Support Division in July 196k, approximately 11 months
before the flight, for inclusion on the spacecraft mission simulator. During

the formal briefing an SST unit, an identical model of the flight units, was used

to demonstrate sensor removal and placement. The use of this unit provided a more
realistic means of testing the use of the flight units since the locking mechanism,
sensor weight, and the spring tension in the retractable cord were identical to those
of the flight hardware. Passive dosimeter mockups were provided as a means of ac-
quainting the astronauts with the complete experiment.

e. There was limited use of the training units in the simulator under
the auspices of the NASA flight crew support section on several occasions before
the spacecraft launch. It was not necessary for the Air Force project officers
to participate in this test, as the astronauts had previously been briefed on all
phases of handling of the dosimeters. The project personnel were present at the
altitude chamber tests at McDonnell. The astronauts had experienced no trouble
at that time in handling or positioning the actual flight units under sirmlated

flight conditions.




V.A.3. Mission as Flown - GT-IV

The active dosimetry portion of Experiment D-8 was activated immediately
when the spacecraft was powered up for launch. The active dosimeters remained
on during the entire mission and recorded all ionizing radiation that entered the
spacecraft at the hatches.

During five selected passes through the central portion of the South At-
lantic anomaly, the sensor head of the protable Type V unit was removed from its
mount on the hatch and placed at the following locations by the Gemini co-pilot:

a. Against the chest, the sensor covered with a glove. (Figure No. 82)

b. Between the legs in the area of the groin. (Figure No. 83)

c. Under the left armpit. (Figure No.8L )

d. In front of the cabin window. (Figure No.85)

e. In front of the instrument panel about midway between the floor
and the ceiling. ( Figure No.86)

f. On the floor between the feet. (Figure No.87)

The sensing element was fixed at each of the pictured locations for a
period of 1.0 m* . te to insure that the full response of the instrument to the
given radiat un field was attained during the measurement.

The dose rate levels were thus measured as functions of position
in the capsule and depth in the astronaut, using portions of the astronaut's body
as a shield. The dose rate level beneath the left hatch of the spacecraft was
obtained as a function of time from the fixed Type I dosimeter and this data
were used as a base line from which to compare the measurements made by the portable

unit.
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Portable ionization chamber against chest and glove-covered.

Figure 82
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Portable ionization chamber betweén legs, groin area.
Figure 83




Portable ionization chamber under left armpit.
Figure 84
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Portable ionization chamber on spacecraft floor
between the feet.
Figure 87
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No experimental procedures in flight were associated with the passive
dosimeter portion of the experiment. All units were mounted as previously des-
crived and remained at these positions from launch to touchdown when they were
removed for shipment to the Air Force Weapons Laboratory.

V.A.L. Flight Equipment Performance:

All Experiment D-8 flight equipment performed flawlessly throughout
the entire mission of Gemini L.

V.A.5. Data and Results - Gemini Flight L:

V.A.5.a. Active Dosimeters:

The active portion of Experiment D-8 is most conveniently discussed
in terms of two general areas of interest: (1) experimental determination
of the dose levels obtained outside of the South Atlantic Anomaly, and
(2) measurement of the radiation characteristics during spacecraft passage
through the anomalous region of the inner radiation belt. The active radiation
sensors functioned perfectly throughout the mission; and the five scheduled
radiation level surveys within the cabin by the co-pilot were performed during
anomaly passes of the spacecraft.

1) Cosmic Radiation Dose Measurements:

Outside of the Brazilian or South Atlantic Anomaly, the principal
contribution to the biologicﬁl dose received by the astronaut was from cosmic
radiation. The average, maximum and minimum dose levels obtained during nineteren
revolutions of the spacecraft through regions excluding the Anomaly are presentecd
in Table XIV. The average dose rate was obtained by mathematical determination
of the average voltages as obtained every 3.2 seconds for each revolution. The
maximum and minimum dose levels were determined respectively as the highest or
lowest readings observed during at least a 1.0 minute period ofr each revolution.
The average dose rate for all non-anomaly revolutions analyzed here was found

to be 0.15 millirad/hour.
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Since the revolutions selected for analysis covered the entire span of the
Gemini-L mission, the average dose rate presented for these selected passes may be readily
extended to obtain excellent approximations of a total integrated dose for the flight,
and projected to determine predictions of the cosmic radiation levels for extended
missions at Gemini-operating levels. Using the average dose rate of 0.15 millirad/hour
yields a total integrated dosc due to cosmic radiation for the four-day mission of
approximaﬁely 15.0 millirad. The cosmic radiation levels are generally very low and
constitute a quite permissible exposure dose for extended periods at Gemini-operating
altitudes.

Assuming a nominal period of 90 minutes for each revolution, the total
accumulated tissue dose was found to be approximately 0.23 millirad for a one-
»evolution time span. The average daily radiation level received inside the
cabin of the Gemini spacecraft due to cosmic radiation was then approximately
3.5 millirad/day. These radiation levels were very low ana constituted a
permissible magnitude of exposure.

The right hatch remained open during astronaut egress, exposing the Type V
portable dosimeter to an essentially external space radiation environment during a
portion of Revolution 3. The radiation levels measured by the Type V instrument during
egress at no time exceeded those obtained by the Type I unit. This clearly indicates
the total absence of softer or trapped corpuscular radiation in the regions of astro-
naut egress. Figure 88 illustrates the cosmic radiation dose profile as a function
of orbital elapsecd time and corresponding L-shell values. The dose profiles indicate
a buildup to epproximately 0.5 millirad/hour at higher L values, and a rapid drop
below 0.1 millirad/hour for L values of near 1.0 earth radii. This effect is consis-
tent with the predicted magnetic cutoff values encountered by Gemini spacecraft. Since
the spacecraft traversed only lower geomagnetic latitudes, dose was less than polar or
free-space values which nominally run as high as 1l millirad/day in solar minimum

periods.
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2) Anomaly Docse Levels:

Dose-rate data obtained from the Brazilian Anomaly show a rapid
and pronounced ﬁae in magnitude over cosmic radiation levels. The anomaly dose
rate experianced during Revolution 7, for example, rose two orders of magnitude
to more than 100 millirad.hour. Figures 89 through 97 indicate the dose levels
encountere.d by the two active dosimsters for nine passes of the Gemini space-
craft beginning with t! s seventh revolution and running through the Shth
revolution. The peak dose levels varied from 107 milli'.rad/hour on Ravolution 7
to only 20 millirad/hour for Rewolution 51.
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TABLE XIV

DOSE RATES OF COSMIC RADIATION FOR SELECTED REVOLUTIONS

OF GEMINI-4 OUTSIDE OF THE SOUTH AMERICAN ANOMALY

Revolution

1b
15
16
17
18

30
k) |
32
bk
L5
k6
48
59

61

TABLE (XIV)

Average Dose Rate
Millirad/Hour

25
.25
.20
.15
.15
.18
.15
.22
.12
.18
.12
.12
.15
.12
.12
.15
.10

<.10
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Maximum
Observed

Dose Rate

.65
.64
.30
.30
.30
30

.30

Minimunm
Cbserved

Dose Rate
<,
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The curve in Figure 89 shows that an appreciable dose level existed for a period
of fifteen minutes for Revolution 7, a deeply penetrating orbit. For a grazing
orbit such as Revolution 39, the anomaly transit time was less than seven minutes.
For most passes the transit time averaged approximately twelve minutes.

The dose rate differences between the two chambers show the effects of
shielding differences interpcsed between the various sensing elements and the
radiation field being measured. The Type V portable dosimeter generally read
vlightly higher than the Fixed Dose-Rate Meter. Revolutions 7, 21, 22, 38, 39
and 54 were passes in which the Type V dosimeter read slightly higher than the
Type I dosimeter for the duration of the anomaly penetration. Revolutions 36
and 51 which were very similar types of revolutions show an interchanging of
readings between the two dosimeters. On Revolutions 36 and 51, for example,
five distinct intersection points between the fixed and portable dosimeter
readings are seen. It is interesting to note that during Revolution 51,
attitude control was exercised on the spacecrait so that it executed only
yawing motion. These two curves clearly demonstrate the degree of direction-
ality associated with the radiation entering the Gemini spacecraft. Generally,
tumble and attitude data were not available for analysis. It can, however,
safely be concluded that the radiation field had appreciable directionality as-
sociated with it at a number of given regions in the anomaly, since spectro-
meter measurements performed in this region indicate essentially the same re-
sults.

Colonel Edward White performed the series of radiation surveys shown in
Figures 82 through 87 during five separate anomaly passes. Only the Revolutions
8 and 52 data are available for analysis. Figures 98 and 99 illustrate the re-
sults of the survey for Revolutions 8 and 52, respectively. It is apparent
that considerable recuction in the dose levels was realized if the sensing
element was buried beneath only a few grams per cm2 cf material. As the

spacecraft approached the anomaly, the portable dosimeter indicated
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slightly higher dose levels than the fixed base-line instruqepp. When the
sensor vas moved to the chest position with the gloved hand covering the rensing
element, a reduction in dose level of 50% was measured. Placemen® of the sensor
at the groin and under the armpit led to an even greater attenuation in the dose
level. In these two areas the dose was reduced to one-third of the fixed
dosimeter levels. With the sensor head placed in front of the window, the dose
level vas reduced to approximately one-half of the base-line reading. The paﬁel
and floor areas are much better shielded and the dose rates observed there were,
again, only one-third of the hatch area values. During Revolution 52, the hatch
values of the dose vere attenuated by approximately the same magnitude as they
vere on Revolution 8 at the chest, groin, and armpit locations. The window,
panel, and floor areas appear to have been somevwhat less effective in attenuating
the radiation than they were during the eighth pass. The survey of the window,
panel, and floor arecas were performed at the edge of the anomaly region vwhere
the radiation levels are so low and poorly defined that a comparison between the
base-line data and the portable -losimeter data is very difficult to accomplish
accurately. The excellent agreement in attenuation between the two orbits at
the chest, groin, and armpit, which were performed deeper in the snomaly region,
however, indicated that passes similar to Revolution 8 would have produced the
same attenuation in dose levels at the window, panel, and floor, respectively.
Tables ( XV) and (XVI) show the tabular values obtainzd at the various locations
of survey compared to the base-line or hatch resdings at the same instant in
time for Revolutions 8 and 52. The survey readings were taken 30 seconds after
the sensing element had been fixed in place at a given location to insure that

equilibrium respcnse had been reached there.
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TABULAR VALUES OF CABIN RADIATION SURVEY
REVOLUTION 8
TABLE (XV)
(A1l dose-rste levels in willirad/hour)
| Location Portable Dose Hate Fixed Base-Line

Dose Rate
Chest 27 ' 58
Groin 30 100
Armpit 36 105
Window 50 100
Panel 30 90
Floor 15 U5

TABULAR VALUES OF CABIN RADIATION SURVEY
REVOLUTION 52
TABLE (XVI)

(A1l dose-rate levels in millirad/hour)

Loestion Portable Dose Rats Fixed B.;o-bim
—Dose Rate
Chest 15 29
Groin 9 27
Armpit 6 L
Window 9 12
Panel 6 9
Floor 2.2 bS5




The total integrated dose for Gemini anomaly passes is 67.28 millirad. The
total extrapolated dose for other passes near the fringe areas of the aromaly
did not exceed 2.0 millirad. The Type V portable dosimeter dose rates w.re not
integrated because during five passes through the anomaly, surveys were being
performe@ which would obviously have an appreciabls effect on the dose readings.
Figure 100 illustrates an isodose mapping of the Brazilian Anomaly
for a 280 kilometer altitude for Gemini Spacecraft-h. The contours were mapped by
taking the ﬁighgqp'dpse rate reading from either instrument. The isodose contours
have their maximum\values at 37° of west longitude and 32.5° south latitude. Revolu-
tims 7 and 8 were, thus, shown to penetrate more deeply into the belt than other
passes. Revolutions 22, 23, 37, 38, 52, and 53 follow a pattern similar to at
least one of the revolutions shown in Figure 100 .

3) Comparison of Data with Computer Code Information:

One of the main objectives of the D-8 Experiment was to comps - <™~
dose rate measured by the active instruments with the dose rate predicted by
exi;t;Ag éombﬁﬁér codéé in érder to test the validity of the codes. Predicted
dose rates were computed using the actual Gemini trajectories. Radiation flux maps
compiled by Dr. James Vette of Aerospace to describe the radiation environment were
utilized in conjunction with a 720 sector analysis of the Gemini vehicle supplied
by McDonnell Aircraft Corporation to describe the vehicle shielding. Figures 101
and 102 show‘conpa:ison of the measured dose rate with the anticipated electron
and proton enviroﬁment for the pass through the anomaly region during Revolution 7.
The measured dose rate is the average dose reading of the two active insturments.

It is evident from these curves that the dose rates are highly dependent on the
proton component of the radiation belt and fairly independent of the electron spectra
at the same region in space. The data from the film emulsion flown in the passive
portion of the experiment support this conclusicn. It is felt that the electron com-

ponent could not have exceeded ten percent of the total dose for the mission,

which is consicstent with the active dosimeter results.
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An integration of ‘he dose rate for the Type I (fixed) base-line dosimeter
vas performed for all anomaly passes during the mission.
DOSE RATES, INNER VAN ALLER BELT RADIATION,

FOR SELECTED REVOLUTIONS

TABLE (XVII)
Revolution Integrated Dose
Number Per Anomaly Revolution
(millirads)
6 3.0
T 8.4
8 10.45
9 3.5
21 2.87
22 T.10
23 6.0"
2 3.0°
36 3.32
37 5.90
38 3.26
39 2.50
51 1.72
52 2.26
53 2.0"
Sk 2.0

Total (Millirads) 67.28

*
These data are not measured, but are extrapolated from dose-rate plots of
similar type revolutions.
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lnitial theoretical predictions of the dose levels carried out with the
computer code using the Vette grid provide dose values approximately three
times as great as the measured values for the Gemini anomaly orbits. Since
thesé values depend on the flux man generated from the data gathered early in
1963, vhen the electrcn population was much grester than it was at the time of
the Gemini-b Flight, the present measured values would be expected to be much
lower at the time of the Gemini-4 mission.

If only the proton dose rate is considered in working with the codes, a
mach better agreement is realized between the measured and the predicted values.
The differences that do arise between the predicted and measured values are
quite po3sibly a result of the poorly defined proton maps that are available for
the region of the anomaly under consideration. Simultaneous spectral measure-
ments were performed by NASA (MSC Experiment 2), which will be employed in up-
dating the input spectral maps for both protons and electrons. With these
corrected inputs, it will be possible to achieve much more accurate prediction
capability than now exists.

V.A.5b. Passive Dosimeters,

The results of the passive portion of the experiment are summarized
in Table (XVIII). The glass needles, because of their poor sensitivity at small
doses, did not give statistically-significant results. The more sensitive
Toshiba Glass Units registered low readings, which were in part a result of
shielding by other passive dnsimeters within the same package. Dose comparison
between the two types of lithium fluorides indicated that within the limits of
the experimental error -- about 40% at doses as low as 10 mr -- no neutron dose
occurred. This lack of neutrons was further sutstantiated by the activation
fcils. This result is reasonable in that the only neutrons expected would
comc from secondary radiation produced by the interaction of high energy protons
with the spacecraft and its occupants. Preliminary results from the film
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emulsion packs indicate that over 95% of the tracks were ceused by protons, with
only residual electron, alpha, and heavy particle tracks. Less thean 2 mr of dose
vas caused by pu'tielcd other thun protons.

Tespersture Dopendence. Since many of the dosimeters flown vere to some
extent temperature dependent in their response and dose fading, the temperature
profile of the hat~h area has been obtained using date gathered in the Type I
active ionization chamber. Temperatures at the other four locations in vwhich
pessive dosimeter packs were located are not expected to Ciffer significently.
The extreme temperatures vere never l;ore than two degrees on either side of
the mean, and vere usually much less. At present, temperaturc profiles are
available only for those revolutions listed.

OT-4 TEMPERATURE PROFILES ON LEFT HATCH

¥ TABLE (XIX)
Revolution Mean Temperature
Degrees (C°)

6 22.6

I 23.8

8 23.8
21 20.9
22 - 20.9
36 20.4
37 20.9
38 20.4
45 20.9
50 26.2
51 25.6
52 25.0
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V.B. Data and Results, Gemini Flight 6¢

Active Dosimeter Datas

The two active dosimeters flown on Gemini 6 recorded dose
readings that were generally in excellent agreement with the measurements carried
out on GCemini 4. The noticeable difference of course occurred in the Type I unit

which was shielded by a brass cover to provide the depth dose in 2.5 grams/Cm2

of tissue. This unit was designed so that the electronics and shield provided
this attenuation factor over at least 95% of the solid angle viewed by the omni-
directional sensor. The 5% radiation leak that could have occurred in shielding
would have been straight through the back of the electronics and the barrel
where less than one gram of shielding is seen. However, for all practical pur-
poses the shielding is considered to surround the sensor omnidirectionally in
the discussions that follow.

The cosmic radiation levels recorded on Gemini 6 were quite
close to those on Gemini 4. No significant buildup was noted in the shielded
chamber from cosmic radiation. Table XX shows the results of the cosmic radia-

“tion dose sampling performed on this flight for selected revolutions not passing
through the anom:ly. The average cosmic radiation dose for Gemini 6 is epproxi-
mately .2 millirad/hour which gives a dose of 4,8 millira<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>